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ELECTRONIC DEVICE INCLUDING
CAMERA AND METHOD FOR OPERATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation application, claiming
priority under § 365(c), of an International application No.
PCT/KR2022/012545, filed on Aug. 22, 2022, which is
based on and claims the benefit of a Korean patent appli-
cation number 10-2021-0123790, filed on Sep. 16, 2021, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

The disclosure relates to an electronic device including a
camera and a method for operating the same. More particu-
larly, the disclosure relates to method for performing the
operation of the camera and the operation of the optical
sensor using one module in an electronic device.

BACKGROUND ART

Advancing information communication technologies and
semiconductor technologies accelerate the spread and use of
various electronic devices. More particularly, recent elec-
tronic devices may perform communication while being
carried and may include one or more sensors for obtaining
various types of ambient information. A sensor in an elec-
tronic device may obtain various pieces of information.
There may be a diversity of types of sensors depending on
information to be obtained.

Among the sensors of the electronic device, a camera
sensor, an ultra violet (UV) sensor, an iris sensor, a spec-
troscopic sensor, an optical sensor, infrared (IR) sensor,
proximity sensor, and gesture sensor, a red green blue (RGB)
sensor, and/or an illuminance sensor (or an ambient light
sensor (ALS)) uses light.

The optical sensor (e.g., an IR sensor, a proximity sensor,
and a gesture sensor) is a sensor that includes a light emitting
unit and a light receiving unit and may measure whether
there is a target object or whether a target object is near or
far from the electronic device by measuring the amount of
the light that is emitted from the light emitting unit (LED)
and is reflected by the target object to the light receiving
unit. The optical sensor is typically disposed in the bezel
portion of the electronic device. Recently, however, as the
bezel portion is shrunken while the display is enlarged, the
optical sensor is placed under the display.

The above information is presented as background infor-
mation only to assist with an understanding of the disclo-
sure. No determination has been made, and no assertion is
made, as to whether any of the above might be applicable as
prior art with regard to the disclosure.

DISCLOSURE
Technical Problem

While the predetermined area of the bezel, where the
optical sensor is disposed, has a transmittance of 20%, the
predetermined area of the display, under which the optical
sensor is disposed, has a transmittance of about 2-3%, which
merely amounts to about 10% of the transmittance of the
predetermined area of the bezel. As such, when the optical
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sensor is disposed under the predetermined area of the
display, degradation of transmittance occurs. Further, the
deviation in the transmittance of the display increases to
about +50% depending on the processing deviation in dis-
play, and so does the deviation in recognition of the target
object by the electronic device.

Further, since the camera module is disposed under the
display, placing the optical sensor together with the camera
module under the display may occupy more space.

Aspects of the disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the disclosure is to provide a method for
performing the operation of the camera and the operation of
the optical sensor using one module in an electronic device.

Additional aspects will be set forth in part in the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

Technical Solution

In accordance with an aspect of the disclosure, an elec-
tronic device is provided. The electronic device comprises a
display, a first module for an operation of a camera and an
operation of an optical sensor disposed under the display,
and at least one processor. The first module may include an
image sensor, an infrared filter, and the optical sensor
disposed close to the image sensor and inside an area of the
infrared filter. The at least one processor may be configured
to separate a time to output one frame into a first time period
for the operation of the camera and a second time period for
the operation of the optical sensor, perform the operation of
the camera in the first time period using the first module, and
perform the operation of the optical sensor in the second
time period using the first module.

In accordance with another aspect of the disclosure, a
method for performing an operation of a camera and an
operation of an optical sensor using one module in an
electronic device is provided. The method comprises divid-
ing a time to output one frame into a first time period for the
operation of the camera and a second time period for the
operation of the optical sensor, performing the operation of
the camera in the first time period using a first module of the
electronic device, and performing the operation of the opti-
cal sensor in the second time period using the first module.
The first module may include an image sensor, an infrared
filter, and the optical sensor disposed close to the image
sensor and inside an area of the infrared filter.

Advantageous Effects

According to various embodiments of the disclosure, it is
possible to provide advantages in view of use of the space
of an electronic device 501 by performing the operation of
the camera and the operation of the optical sensor using one
module in the electronic device.

The transmittance for the operation of the camera needs to
be higher than the transmittance for the operation of the
optical sensor. The electronic device may recognize the
target object at a higher transmittance than the transmittance
of the optical sensor by performing the operation of the
camera and the operation of the optical sensor using one
module in the electronic device.

Other aspects, advantages, and salient features of the
disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
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conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the disclosure will be more apparent
from the following description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an electronic device
in a network environment according to an embodiment of
the disclosure;

FIG. 2 is a block diagram illustrating a display device
according to an embodiment of the disclosure;

FIGS. 3A, 3B, 3C, and 3D are views illustrating a
structure of a first module according to various embodiments
of the disclosure;

FIG. 4 is a view illustrating an infrared filter according to
an embodiment of the disclosure;

FIG. 5 is a block diagram illustrating an electronic device
according to an embodiment of the disclosure;

FIGS. 6A, 6B, and 6C are views illustrating operations of
a camera and operations of an optical sensor using a first
module in an electronic device according to various embodi-
ments of the disclosure;

FIG. 7 is a view illustrating operations of a camera and
operations of an optical sensor using a first module in an
electronic device according to an embodiment of the dis-
closure;

FIG. 8 is a flowchart illustrating operations of a camera
and operations of an optical sensor using a first module in an
electronic device according to an embodiment of the dis-
closure;

FIG. 9 is a flowchart illustrating operations of a camera
and operations of an optical sensor using a first module in an
electronic device according to an embodiment of the dis-
closure;

FIG. 10 is a flowchart illustrating operations of a camera
and operations of an optical sensor using a first module in an
electronic device according to an embodiment of the dis-
closure; and

FIG. 11 is a flowchart illustrating operations of a camera
and operations of an optical sensor using a first module in an
electronic device according to an embodiment of the dis-
closure.

The same reference numerals are used to represent the
same elements throughout the drawings.

MODE FOR INVENTION

The following description with reference to the accom-
panying drawings is provided to assist in a comprehensive
understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes
various specific details to assist in that understanding but
these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various
changes and modifications of the various embodiments
described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of
well-known functions and constructions may be omitted for
clarity and conciseness.

The terms and words used in the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and
consistent understanding of the disclosure. Accordingly, it
should be apparent to those skilled in the art that the
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following description of various embodiments of the disclo-
sure is provided for illustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surfaces.

FIG. 1 is a block diagram illustrating an electronic device
in a network environment according to an embodiment of
the disclosure.

Referring to FIG. 1, am electronic device 101 in a network
environment 100 may communicate with at least one of an
external electronic device 102 via a first network 198 (e.g.,
a short-range wireless communication network), or an exter-
nal electronic device 104 or a server 108 via a second
network 199 (e.g., a long-range wireless communication
network). According to an embodiment of the disclosure, the
electronic device 101 may communicate with the external
electronic device 104 via the server 108. According to an
embodiment of the disclosure, the electronic device 101 may
include a processor 120, a memory 130, an input module
150, a sound output module 155, a display module 160, an
audio module 170, a sensor module 176, an interface 177, a
connecting terminal 178, a haptic module 179, a camera
module 180, a power management module 188, a battery
189, a communication module 190, a subscriber identifica-
tion module (SIM) 196, or an antenna module 197. In some
embodiments of the disclosure, at least one (e.g., the con-
necting terminal 178) of the components may be omitted
from the electronic device 101, or one or more other
components may be added in the electronic device 101.
According to an embodiment of the disclosure, some (e.g.,
the sensor module 176, the camera module 180, or the
antenna module 197) of the components may be integrated
into a single component (e.g., the display module 160).

The processor 120 may execute, for example, software
(e.g., a program 140) to control at least one other component
(e.g., a hardware or software component) of the electronic
device 101 coupled with the processor 120, and may per-
form various data processing or computation. According to
one embodiment of the disclosure, as at least part of the data
processing or computation, the processor 120 may store a
command or data received from another component (e.g.,
the sensor module 176 or the communication module 190)
in a volatile memory 132, process the command or the data
stored in the volatile memory 132, and store resulting data
in a non-volatile memory 134. According to an embodiment
of the disclosure, the processor 120 may include a main
processor 121 (e.g., a central processing unit (CPU) or an
application processor (AP)), or an auxiliary processor 123
(e.g., a graphics processing unit (GPU), a neural processing
unit (NPU), an image signal processor (ISP), a sensor hub
processor, or a communication processor (CP)) that is oper-
able independently from, or in conjunction with, the main
processor 121. For example, when the electronic device 101
includes the main processor 121 and the auxiliary processor
123, the auxiliary processor 123 may be configured to use
lower power than the main processor 121 or to be specified
for a designated function. The auxiliary processor 123 may
be implemented as separate from, or as part of the main
processor 121.

The auxiliary processor 123 may control at least some of
functions or states related to at least one component (e.g., the
display module 160, the sensor module 176, or the commu-
nication module 190) among the components of the elec-
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tronic device 101, instead of the main processor 121 while
the main processor 121 is in an inactive (e.g., a sleep) state,
or together with the main processor 121 while the main
processor 121 is in an active state (e.g., executing an
application). According to an embodiment of the disclosure,
the auxiliary processor 123 (e.g., an image signal processor
or a communication processor) may be implemented as part
of another component (e.g., the camera module 180 or the
communication module 190) functionally related to the
auxiliary processor 123. According to an embodiment of the
disclosure, the auxiliary processor 123 (e.g., the neural
processing unit) may include a hardware structure specified
for artificial intelligence model processing. The artificial
intelligence model may be generated via machine learning.
Such learning may be performed, e.g., by the electronic
device 101 where the artificial intelligence is performed or
via a separate server (e.g., the server 108). Learning algo-
rithms may include, but are not limited to, e.g., supervised
learning, unsupervised learning, semi-supervised learning,
or reinforcement learning. The artificial intelligence model
may include a plurality of artificial neural network layers.
The artificial neural network may be a deep neural network
(DNN), a convolutional neural network (CNN), a recurrent
neural network (RNN), a restricted Boltzmann machine
(RBM), a deep belief network (DBN), a bidirectional recur-
rent deep neural network (BRDNN), deep Q-network or a
combination of two or more thereof but is not limited
thereto. The artificial intelligence model may, additionally or
alternatively, include a software structure other than the
hardware structure.

The memory 130 may store various data used by at least
one component (e.g., the processor 120 or the sensor module
176) of the electronic device 101. The various data may
include, for example, software (e.g., the program 140) and
input data or output data for a command related thereto. The
memory 130 may include the volatile memory 132 or the
non-volatile memory 134.

The program 140 may be stored in the memory 130 as
software, and may include, for example, an operating system
(OS) 142, middleware 144, or an application 146.

The input module 150 may receive a command or data to
be used by other component (e.g., the processor 120) of the
electronic device 101, from the outside (e.g., a user) of the
electronic device 101. The input module 150 may include,
for example, a microphone, a mouse, a keyboard, keys (e.g.,
buttons), or a digital pen (e.g., a stylus pen).

The sound output module 155 may output sound signals
to the outside of the electronic device 101. The sound output
module 155 may include, for example, a speaker or a
receiver. The speaker may be used for general purposes,
such as playing multimedia or playing record. The receiver
may be used for receiving incoming calls. According to an
embodiment of the disclosure, the receiver may be imple-
mented as separate from, or as part of the speaker.

The display module 160 may visually provide informa-
tion to the outside (e.g., a user) of the electronic device 101.
The display module 160 may include, for example, a display,
a hologram device, or a projector and control circuitry to
control a corresponding one of the display, hologram device,
and projector. According to an embodiment of the disclo-
sure, the display module 160 may include a touch sensor
configured to detect a touch, or a pressure sensor configured
to measure the intensity of a force generated by the touch.

The audio module 170 may convert a sound into an
electrical signal and vice versa. According to an embodi-
ment of the disclosure, the audio module 170 may obtain the
sound via the input module 150, or output the sound via the
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sound output module 155 or a headphone of an external
electronic device (e.g., an external electronic device 102)
directly (e.g., wiredly) or wirelessly coupled with the elec-
tronic device 101.

The sensor module 176 may detect an operational state
(e.g., power or temperature) of the electronic device 101 or
an environmental state (e.g., a state of a user) external to the
electronic device 101, and then generate an electrical signal
or data value corresponding to the detected state. According
to an embodiment of the disclosure, the sensor module 176
may include, for example, a gesture sensor, a gyro sensor, an
atmospheric pressure sensor, a magnetic sensor, an accel-
eration sensor, a grip sensor, a proximity sensor, a color
sensor, an infrared (IR) sensor, a biometric sensor, a tem-
perature sensor, a humidity sensor, or an illuminance sensor.

The interface 177 may support one or more specified
protocols to be used for the electronic device 101 to be
coupled with the external electronic device (e.g., the external
electronic device 102) directly (e.g., wiredly) or wirelessly.
According to an embodiment of the disclosure, the interface
177 may include, for example, a high definition multimedia
interface (HDMI), a universal serial bus (USB) interface, a
secure digital (SD) card interface, or an audio interface.

A connecting terminal 178 may include a connector via
which the electronic device 101 may be physically con-
nected with the external electronic device (e.g., the external
electronic device 102). According to an embodiment of the
disclosure, the connecting terminal 178 may include, for
example, a HDMI connector, a USB connector, an SD card
connector, or an audio connector (e.g., a headphone con-
nector).

The haptic module 179 may convert an electrical signal
into a mechanical stimulus (e.g., a vibration or motion) or
electrical stimulus which may be recognized by a user via
his tactile sensation or kinesthetic sensation. According to an
embodiment of the disclosure, the haptic module 179 may
include, for example, a motor, a piezoelectric element, or an
electric stimulator.

The camera module 180 may capture a still image or
moving images. According to an embodiment of the disclo-
sure, the camera module 180 may include one or more
lenses, image sensors, image signal processors, or flashes.

The power management module 188 may manage power
supplied to the electronic device 101. According to one
embodiment of the disclosure, the power management mod-
ule 188 may be implemented as at least part of, for example,
a power management integrated circuit (PMIC).

The battery 189 may supply power to at least one com-
ponent of the electronic device 101. According to an
embodiment of the disclosure, the battery 189 may include,
for example, a primary cell which is not rechargeable, a
secondary cell which is rechargeable, or a fuel cell.

The communication module 190 may support establishing
a direct (e.g., wired) communication channel or a wireless
communication channel between the electronic device 101
and the external electronic device (e.g., the external elec-
tronic device 102, the external electronic device 104, or the
server 108) and performing communication via the estab-
lished communication channel. The communication module
190 may include one or more communication processors
that are operable independently from the processor 120 (e.g.,
the application processor (AP)) and supports a direct (e.g.,
wired) communication or a wireless communication.
According to an embodiment of the disclosure, the commu-
nication module 190 may include a wireless communication
module 192 (e.g., a cellular communication module, a
short-range wireless communication module, or a global
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navigation satellite system (GNSS) communication module)
or a wired communication module 194 (e.g., a local area
network (LAN) communication module or a power line
communication (PLC) module). A corresponding one of
these communication modules may communicate with the
external electronic device 104 via a first network 198 (e.g.,
a short-range communication network, such as Bluetooth™,
wireless-fidelity (Wi-Fi) direct, or infrared data association
(IrDA)) or a second network 199 (e.g., a long-range com-
munication network, such as a legacy cellular network, a 5'
generation (5G) network, a next-generation communication
network, the Internet, or a computer network (e.g., a local
area network (LAN) or a wide area network (WAN)). These
various types of communication modules may be imple-
mented as a single component (e.g., a single chip), or may
be implemented as multi components (e.g., multi chips)
separate from each other. The wireless communication mod-
ule 192 may identify or authenticate the electronic device
101 in a communication network, such as the first network
198 or the second network 199, using subscriber information
(e.g., international mobile subscriber identity (IMSI)) stored
in the subscriber identification module 196.

The wireless communication module 192 may support a
5G network, after a 4” generation (4G) network, and next-
generation communication technology, e.g., new radio (NR)
access technology. The NR access technology may support
enhanced mobile broadband (eMBB), massive machine type
communications (mMTC), or ultra-reliable and low-latency
communications (URLLC). The wireless communication
module 192 may support a high-frequency band (e.g., the
mmWave band) to achieve, e.g., a high data transmission
rate. The wireless communication module 192 may support
various technologies for securing performance on a high-
frequency band, such as, e.g., beamforming, massive mul-
tiple-input and multiple-output (massive MIMO), full
dimensional MIMO (FD-MIMO), array antenna, analog
beam-forming, or large scale antenna. The wireless commu-
nication module 192 may support various requirements
specified in the electronic device 101, an external electronic
device (e.g., the external electronic device 104), or a net-
work system (e.g., the second network 199). According to an
embodiment of the disclosure, the wireless communication
module 192 may support a peak data rate (e.g., 20 Gbps or
more) for implementing eMBB, loss coverage (e.g., 164 dB
or less) for implementing mMTC, or U-plane latency (e.g.,
0.5 ms or less for each of downlink (DL) and uplink (UL),
or a round trip of Ims or less) for implementing URLLC.

The antenna module 197 may transmit or receive a signal
or power to or from the outside (e.g., the external electronic
device). According to an embodiment of the disclosure, the
antenna module 197 may include one antenna including a
radiator formed of a conductor or conductive pattern formed
on a substrate (e.g., a printed circuit board (PCB)). Accord-
ing to an embodiment of the disclosure, the antenna module
197 may include a plurality of antennas (e.g., an antenna
array). In this case, at least one antenna appropriate for a
communication scheme used in a communication network,
such as the first network 198 or the second network 199, may
be selected from the plurality of antennas by, e.g., the
communication module 190. The signal or the power may
then be transmitted or received between the communication
module 190 and the external electronic device via the
selected at least one antenna. According to an embodiment
of the disclosure, other parts (e.g., radio frequency inte-
grated circuit (RFIC)) than the radiator may be further
formed as part of the antenna module 197.
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According to various embodiments of the disclosure, the
antenna module 197 may form a mmWave antenna module.
According to an embodiment of the disclosure, the mmWave
antenna module may include a printed circuit board, a RFIC
disposed on a first surface (e.g., the bottom surface) of the
printed circuit board, or adjacent to the first surface and
capable of supporting a designated high-frequency band
(e.g., the mmWave band), and a plurality of antennas (e.g.,
array antennas) disposed on a second surface (e.g., the top
or a side surface) of the printed circuit board, or adjacent to
the second surface and capable of transmitting or receiving
signals of the designated high-frequency band.

At least some of the above-described components may be
coupled mutually and communicate signals (e.g., commands
or data) therebetween via an inter-peripheral communication
scheme (e.g., a bus, general purpose input and output
(GPIO), serial peripheral interface (SPI), or mobile industry
processor interface (MIPI)).

According to an embodiment of the disclosure, com-
mands or data may be transmitted or received between the
electronic device 101 and the external electronic device 104
via the server 108 coupled with the second network 199. The
external electronic devices 102 or 104 each may be a device
of the same or a different type from the electronic device
101. According to an embodiment of the disclosure, all or
some of operations to be executed at the electronic device
101 may be executed at one or more of the external
electronic devices 102, 104, or 108. For example, if the
electronic device 101 should perform a function or a service
automatically, or in response to a request from a user or
another device, the electronic device 101, instead of, or in
addition to, executing the function or the service, may
request the one or more external electronic devices to
perform at least part of the function or the service. The one
or more external electronic devices receiving the request
may perform the at least part of the function or the service
requested, or an additional function or an additional service
related to the request, and transfer an outcome of the
performing to the electronic device 101. The electronic
device 101 may provide the outcome, with or without further
processing of the outcome, as at least part of a reply to the
request. To that end, a cloud computing, distributed com-
puting, mobile edge computing (MEC), or client-server
computing technology may be used, for example. The elec-
tronic device 101 may provide ultra low-latency services
using, e.g., distributed computing or mobile edge comput-
ing. In another embodiment of the disclosure, the external
electronic device 104 may include an internet-of-things
(IoT) device. The server 108 may be an intelligent server
using machine learning and/or a neural network. According
to an embodiment of the disclosure, the external electronic
device 104 or the server 108 may be included in the second
network 199. The electronic device 101 may be applied to
intelligent services (e.g., smart home, smart city, smart car,
or health-care) based on 5G communication technology or
IoT-related technology.

FIG. 2 is a block diagram 200 illustrating a display
module 160 according to an embodiment of the disclosure.

Referring to FIG. 2, the display module 160 may include
a display 210 and a display driver integrated circuit (DDI)
230 to control the display 110. The DDI 230 may include an
interface module 231, a memory 233 (e.g., buffer memory),
an image processing module 235, or a mapping module 237.
The DDI 230 may receive image information that contains
image data or an image control signal corresponding to a
command to control the image data from another component
of the electronic device 101 via the interface module 231.
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For example, according to an embodiment of the disclosure,
image information may be received from a processor (e.g.,
the processor 120 of FIG. 1 (e.g., the main processor 121 of
FIG. 1) (e.g., an application processor)) or an auxiliary
processor (e.g., the auxiliary processor 123 of FIG. 1 (e.g.,
a graphic processing device)) operated independently from
the function of the main processor (e.g., the main processor
121 of FIG. 1). The DDI 230 may communicate, for
example, with a touch circuitry 250 or the sensor module
276 (e.g., the sensor module 176 of FIG. 1) via the interface
module 231. The DDI 230 may also store at least part of the
received image information in the memory 233, for
example, on a frame by frame basis. The image processing
module 235 may perform pre-processing or post-processing
(e.g., adjustment of resolution, brightness, or size) with
respect to at least part of the image data. According to an
embodiment of the disclosure, the pre-processing or post-
processing may be performed, for example, based at least in
part on one or more characteristics of the image data or one
or more characteristics of the display 210. The mapping
module 237 may generate a voltage value or a current value
corresponding to the image data pre-processed or post-
processed by the image processing module 235.

According to an embodiment of the disclosure, at least
some of the operations performed by the DDI 230 may be
equally performed by the processor (e.g., the processor 120
of FIG. 1).

According to an embodiment of the disclosure, the gen-
erating of the voltage value or current value may be per-
formed, for example, based at least in part on one or more
attributes of the pixels (e.g., an array, such as an RGB stripe
or a pentile structure, of the pixels, or the size of each
subpixel) of the display 210. At least some pixels of the
display 210 may be driven, for example, based at least in
part on the voltage value or the current value such that visual
information (e.g., a text, an image, or an icon) corresponding
to the image data may be displayed via the display 210.

According to an embodiment of the disclosure, the dis-
play module 160 may further include the touch circuitry 250.
The touch circuitry 250 may include a touch sensor 251 and
a touch sensor IC 253 to control the touch sensor 151. The
touch sensor IC 253 may control the touch sensor 251 to
detect a touch input or a hovering input with respect to a
certain position on the display 210. To achieve this, for
example, the touch sensor IC 253 may detect (e.g., measure)
a change in a signal (e.g., a voltage, a quantity of light, a
resistance, or a quantity of one or more electric charges)
corresponding to the certain position on the display 210. The
touch sensor IC 253 may provide input information (e.g., a
position, an area, a pressure, or a time) indicative of the
touch input or the hovering input detected to the processor
(e.g., the processor 120 of FIG. 1). According to an embodi-
ment of the disclosure, at least part (e.g., the touch sensor IC
253) of the touch circuitry 250 may be formed as part of the
display 210 or the DDI 230, or as part of another component
(e.g., the auxiliary processor 123) disposed outside the
display module 160.

According to an embodiment of the disclosure, the dis-
play module 160 may further include at least one sensor
(e.g., a fingerprint sensor, an iris sensor, a pressure sensor, or
an illuminance sensor) of the sensor module 276 or a control
circuit for the at least one sensor. In such a case, the at least
one sensor or the control circuit for the at least one sensor
may be embedded in one portion of a component (e.g., the
display 210, the DDI 230, or the touch circuitry 250)) of the
display module 160. For example, when the sensor module
276 embedded in the display module 160 includes a bio-
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metric sensor (e.g., a fingerprint sensor), the biometric
sensor may obtain biometric information (e.g., a fingerprint
image) corresponding to a touch input received via a portion
of the display 210. As another example, when the sensor
module 276 embedded in the display module 160 includes a
pressure sensor, the pressure sensor may obtain pressure
information corresponding to a touch input received via a
partial or whole area of the display 210. According to an
embodiment of the disclosure, the touch sensor 251 or the
sensor module 276 may be disposed between pixels in a
pixel layer of the display 210, or over or under the pixel
layer.

FIGS. 3A, 3B, 3C, and 3D are views 300a to 3004
illustrating a structure of a first module according to various
embodiments of the disclosure, and FIG. 4 is a view 400
illustrating an infrared filter according to an embodiment of
the disclosure.

Part (a) of FIG. 3A is a side view illustrating a first module
380 disposed under the display 360, and part (b) of FIG. 3A
is a front view illustrating the first module 380.

Referring to FIG. 3 A, the first module 380 for the opera-
tion of the camera and the operation of the optical sensor
may be disposed under the display 360 (e.g., the display
module 160 of FIG. 1) of the electronic device (e.g., the
electronic device 101 of FIG. 1). The first module 380 may
be disposed under a display panel 363, of a window 361 and
the display panel 363 included in the display 360, and the
transmittance of a partial area 363a corresponding to the
position where the first module 380 is disposed in the display
panel 363 may be set to a transmittance at which the
operation of the camera and the operation of the optical
sensor are possible. For example, the transmittance of the
predetermined area 363a may be set to about 20-30%.

According to various embodiments of the disclosure, the
first module 380 may include a PCB 381, an image sensor
383, an optical sensor 385, and an infrared filter 387.

The image sensor 383 may convert the light received
through a lens into a digital signal, for the operation of the
camera, and output it as image data. The image sensor 383
may include RGB pixels to absorb each corresponding
wavelength band of light and output it as a digital signal.

The optical sensor 385 may include a light emitting unit
385a (e.g., an IR LED or vertical cavity surface emitting
laser (VCSEL)) and a light receiving unit 3854. The light
receiving unit 3856 may include a photodiode. The light
emitting unit 385a and light receiving unit 3854 of the
optical sensor 385 may be close to the image sensor 383 and
may be disposed inside the area of the infrared filter 387 so
as not to depart from the area of the infrared filter 387. As
the optical sensor 385 is close to the image sensor 383 and
is disposed inside the area of the infrared filter 387 so as not
to depart from the area of the infrared filter 387, it is possible
to reduce the size of the first module 380 and hence save
costs.

The infrared filter 387 may be designed to block the
infrared light received through the infrared wavelength band
upon receiving the image data through the image sensor 383
for the operation of the camera and transmit the infrared
light through a partial infrared wavelength band of the
infrared wavelength band blocked for the operation of the
camera, for the operation of the optical sensor.

Referring to FIG. 4, the infrared filter 387 may transmit
infrared light through a wavelength band of about 400 to 700
nm and a wavelength band of about 900 to 1000 nm. The
infrared filter 387 may be designed to transmit the infrared
light through a wavelength band of about 900 to 1000 nm,
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which is a partial wavelength band of the infrared wave-
length band blocked for the operation of the camera.

Part (a) of FIG. 3B is a side view illustrating a first module
380 disposed under the display 360, and part (b) of FIG. 3B
is a front view illustrating the first module 380.

Referring to FIG. 3B, the first module 380 for the opera-
tion of the camera and the operation of the optical sensor
may be disposed under the display 360 (e.g., the display
module 160 of FIG. 1) of the electronic device (e.g., the
electronic device 101 of FIG. 1). The first module 380 may
be disposed under the display panel 363, of the window 361
and the display panel 363 included in the display 360, and
a partial area 3635, which corresponds to the position where
the first module 380 is disposed in the display panel 363,
may be formed as a hole.

According to various embodiments of the disclosure, the
first module 380 may include a PCB 381, an image sensor
383, an optical sensor 385, and an infrared filter 387. The
PCB 381, the image sensor 383, the optical sensor 385, and
the infrared filter 387 may have the same structure and
perform the same function as the PCB 381, the image sensor
383, the optical sensor 385, and the infrared filter 387 of
FIG. 3A.

Part (a) of FIG. 3C is a side view illustrating a first module
380 disposed under the display 360, and part (b) of FIG. 3C
is a front view illustrating the first module 380.

Referring to FIG. 3C, the first module 380 for the opera-
tion of the camera and the operation of the optical sensor
may be disposed under the display 360 (e.g., the display
module 160 of FIG. 1) of the electronic device (e.g., the
electronic device 101 of FIG. 1). The first module 380 may
be disposed under the display panel 363, of the window 361
and the display panel 363 included in the display 360, and
a partial area 3635, which corresponds to the position where
the first module 380 is disposed in the display panel 363,
may be formed as a hole.

According to various embodiments of the disclosure, the
first module 380 may include a PCB 381, an image sensor
383, an optical sensor 385, and an infrared filter 387. The
PCB 381, the image sensor 383, and the infrared filter 387
may have the same structure and perform the same function
as the PCB 381, the image sensor 383, and the infrared filter
387 of FIGS. 3A and 3B.

According to various embodiments of the disclosure, the
light receiving unit 3854 included in the optical sensor 385
may be close to the image sensor 383 and may be disposed
inside the area of the infrared filter 387 so as not to depart
from the area of the infrared filter 387. The light emitting
unit of the optical sensor 385 may be disposed in a position
(e.g., the bezel) other than the first module 380. The area of
the infrared filter 384 in which only the light receiving unit
3855 of the optical sensor 385 may be reduced in size as
compared with the area of the infrared filter in which the
light emitting unit 385a¢ and the light receiving unit 3855
both are disposed as shown in FIGS. 3A and 3B.

The first module 380 is illustrated in FIG. 3C as disposed
under the predetermined area 3635 formed as a hole in the
display panel 363 is described, but may be disposed under
the predetermined area 363a set to have a transmittance that
allows the operation of the camera and the operation of the
optical sensor in the display panel 363 as shown in FIG. 3A.

Part (a) of FIG. 3D is a side view illustrating the first
module 380 disposed under the display 360, and part (b) of
FIG. 3D is a front view illustrating the first module 380.

Referring to FIG. 3D, the first module 380 for the opera-
tion of the camera and the operation of the optical sensor
may be disposed under the display 360 (e.g., the display
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module 160 of FIG. 1) of the electronic device (e.g., the
electronic device 101 of FIG. 1). The first module 380 may
be disposed under the display panel 363, of the window 361
and the display panel 363 included in the display 360, and
a partial area 3635, which corresponds to the position where
the first module 380 is disposed in the display panel 363,
may be formed as a hole.

According to various embodiments of the disclosure, the
first module 380 may include a PCB 381, an image sensor
383, an optical sensor 385, and an infrared filter 387. The
PCB 381, the image sensor 383, and the infrared filter 387
may have the same structure and perform the same function
as the PCB 381, the image sensor 383, and the infrared filter
387 of FIGS. 3A to 3C.

According to various embodiments of the disclosure, the
optical sensor 385 may include a light emitting unit 3854
and a plurality of light receiving units 3855, 385¢, and 3854.
The light emitting unit 385a¢ and the plurality of light
receiving units 3855, 385¢, and 3854 of the optical sensor
385 may be close to the image sensor 383 and may be
disposed inside the area of the infrared filter 387 so as not
to depart from the area of the infrared filter 387.

The first module 380 is illustrated in FIG. 3D as disposed
under the predetermined area 3635 formed as a hole in the
display panel 363 is described, but may be disposed under
the predetermined area 363a set to have a transmittance that
allows the operation of the camera and the operation of the
optical sensor in the display panel 363 as shown in FIG. 3A.

FIG. 5 is a block diagram 500 illustrating an electronic
device according to an embodiment of the disclosure.

Referring to FIG. 5, according to various embodiments of
the disclosure, an electronic device 501 (e.g., the electronic
device 101 of FIG. 1) may include a first module 580, a
processor 520 (e.g., the processor 120 of FIG. 1), a memory
530 (e.g., the memory 130 of FIG. 1), and a display 560
(e.g., the display module 160 of FIG. 1 or the display module
160 of FIG. 2).

According to various embodiments of the disclosure, the
first module 580 may perform the operation for a camera and
the operation for an optical sensor and may include an image
sensor 583, an optical sensor 585 and an infrared filter 587.

According to an embodiment of the disclosure, the image
sensor 583 (e.g., the image sensor 383 of FIGS. 3A to 3D)
may convert the light received through a lens into a digital
signal, for the operation of the camera, and output it as
image data. The image sensor 583 may include RGB pixels
to absorb each corresponding wavelength band of light and
output it as a digital signal.

According to an embodiment of the disclosure, the optical
sensor 585 (e.g., the optical sensor 385 of FIGS. 3A to 3D)
may include a light emitting unit 585a (e.g., the light
emitting unit 385a of FIGS. 3A to 3D) and at least one light
receiving unit 58556 (e.g., the light receiving unit 3855 of
FIGS. 3A to 3D). The at least one light receiving unit 5855
may include a photo diode.

The light emitting unit 5854 and light receiving unit 3855
of the optical sensor 585 may be close to the image sensor
583 and may be disposed inside the area of the infrared filter
587 so as not to depart from the area of the infrared filter
587.

The light receiving unit 5856 included in the optical
sensor 585 may be close to the image sensor 583 and may
be disposed inside the area of the infrared filter 587 so as not
to depart from the area of the infrared filter 587. The light
emitting unit 585a of the optical sensor 585 may be disposed
in an area (e.g., the bezel area) other than the first module
580.
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The light emitting unit 585a and the plurality of light
receiving units of the optical sensor 585 may be close to the
image sensor 583 and may be disposed inside the area of the
infrared filter 587 so as not to depart from the area of the
infrared filter 587.

According to an embodiment of the disclosure, the infra-
red filter 587 (e.g., the infrared filter 387 of FIGS. 3A to 3D)
may be designed to block the infrared light received through
the infrared wavelength band upon receiving the image data
through the image sensor 583 for the operation of the camera
and transmit the infrared light through a partial infrared
wavelength band of the infrared wavelength band blocked
for the operation of the camera, for the operation of the
optical sensor.

According to various embodiments of the disclosure, the
first module 580 (e.g., the first module 380 of FIG. 3A) may
be disposed under the display panel, of the window (e.g., the
window 361 of FIG. 3A) and the display panel (e.g., the
display panel 363 of FIG. 3A) included in the display 560
(e.g., the display 360 of FIG. 3A) as shown in FIG. 3A, and
the transmittance of a partial area (e.g., the partial area 363a
of FIG. 3A) corresponding to the position where the first
module 580 is disposed in the display panel may be set to a
transmittance at which the operation of the camera and the
operation of the optical sensor are possible. For example, the
transmittance of the predetermined area may be set to about
20-30%.

According to various embodiments of the disclosure, the
first module 580 (e.g., the first module 380 of FIGS. 3B to
3D) may be disposed under the display panel, of the window
(e.g., the window 361 of FIGS. 3B to 3D) and the display
panel (e.g., the display panel 363 of FIGS. 3B to 3D)
included in the display 560 (e.g., the display 360 of FIGS.
3B to 3D) as shown in FIGS. 3B to 3D, and a partial area
(e.g., the partial area 3635 of FIGS. 3B to 3D), which
corresponds to the position where the first module 580 is
disposed in the display panel, may be formed as a hole.

According to various embodiments of the disclosure, the
processor 520 may divide the time for outputting one frame
into a first time period for the operation of the camera and
a second time period for the operation of the optical sensor.

According to an embodiment of the disclosure, upon
receiving a display sync signal for updating the frame per
second, if identifying a request for the operation of the
camera, the processor 520 may receive image data through
the image sensor 583 during the first time period for the
operation of the camera of the time for outputting one frame.
The request for the operation of the camera may indicate a
request for executing a camera application and receiving
image data through the image sensor 583.

According to an embodiment of the disclosure, the pro-
cessor 520 may receive an optical signal through the light
receiving unit 5855 of the optical sensor 585 while receiving
the image data through the image sensor 583 and may
compensate for the image data received through the image
sensor 583 using an auto white balance (AWB) algorithm
based on the received optical signal during the first time
period. In order to compensate the image data received
through the image sensor 583 using the AWB algorithm
based on the optical signal received through the light receiv-
ing unit 5855 of the optical sensor 585 during the first time
period, the infrared filter 587 of the first module 580 may be
designed to be able to transmit the infrared light through a
partial infrared wavelength band of the infrared wavelength
band blocked through the operation of the camera for the
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operation of the optical sensor, thus addressing issues with
color that may arise in the image data received through the
image sensor 583.

Since each light source has a different amount of infrared
light, the processor 520 may determine the type (e.g.,
sunlight, incandescent lamp, or fluorescent lamp) of the
ambient light source using an illuminance sensor and dif-
ferently apply an auto white balance (AWB) algorithm for
each type of light source to compensate for the image data
received through the image sensor 583, reducing color
distortion in the image data.

According to an embodiment of the disclosure, the time
during which the processor 520 receives the image data
through the image sensor 583 in the first time period may
indicate a shutter speed time. The processor 521 may adjust
the time for receiving image data through the image sensor
in the first time period according to the shutter speed time.

According to an embodiment of the disclosure, when
receiving the display sync signal for updating the frame per
second, if identifying the request for the operation of the
optical sensor, the processor 520 may measure the amount of
the light emitted from the light emitting unit 5854 of the
optical sensor 585, reflected by a target object, and received
by the light receiving unit 5855 during a second time period
for the operation of the optical sensor of the time to output
one frame, detecting whether the target object is near the
electronic device 501 or whether the target object comes
closer to or farther away from the electronic device 501.
According to an embodiment of the disclosure, the processor
520 may perform the operation of the optical sensor for a
predetermined time (e.g., 2 ms) set in the second time
period.

According to various embodiments of the disclosure, in a
case where the first module 580 (e.g., the first module 380
of FIG. 3A) is disposed under a partial area (e.g., the partial
area 363a of FIG. 3A) set to have the transmittance which
allows the operation of the camera and the operation of the
optical sensor in the display (e.g., the display panel 363 of
FIG. 3A), the processor 520 may set at least one remaining
duty cycle, except for the last duty cycle, among a plurality
of duty cycles which are operated in the display, to be used
as the first time period and set the last duty cycle to be used
as the second time period.

According to an embodiment of the disclosure, the pro-
cessor 520 may set at least one remaining duty cycle, except
for the last duty cycle, among the plurality of duty cycles
operated in the display 560 during the time to output one
frame, to be used as the first time period and set the last duty
cycle to be used as the second time period, based on display
operation information (e.g., the refresh rate of the display,
the number of duty cycles, the last duty cycle to be used as
the second time period for the operation of the optical
sensor, and the duty ratio).

For example, upon identifying that four duty cycles are
operated in the display 560 during the time to output one
frame, based on display operation information (e.g., the
refresh rate of the display, the number of duty cycles, the last
duty cycle determined as the second time period for the
operation of the optical sensor, and the duty ratio), the
processor 520 may set the first duty cycle, the second duty
cycle, and the third duty cycle as the first time period and set
the fourth duty cycle, which is the last duty cycle, as the
second time period for the operation of the optical sensor.

According to an embodiment of the disclosure, to avoid
influence of the image of the display, the processor 520 may
perform the operation of the camera in at least one display
off time of at least one duty cycle included in the first time
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period and perform the operation of the optical sensor in the
display off time of the last duty cycle included in the second
time period.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when a
display sync signal for updating the frame per second is
received, the processor 520 may receive image data through
the image sensor 583 and receive an optical signal through
the light receiving unit 585 of the optical sensor 585 for
compensating for the image data during at least one display
off time of the at least one duty cycle used as the first time
period.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when
the display sync signal is received, the processor 520 may
receive image data through the image sensor 583 in the first
display off time of the first duty cycle among the at least one
duty cycle used as the first time period and receive the
optical signal through the light receiving unit 5856 of the
optical sensor 585 for compensating for the image data. The
processor 520 may receive the image data through the image
sensor 583 during a time shorter than the first display off
time and receive the optical signal through the light receiv-
ing unit 5856 of the optical sensor 585 for compensating for
the image data.

According to an embodiment of the disclosure, the pro-
cessor 520 may determine the time of performing the
operation of the camera for receiving the image data through
the image sensor 583 based on the shutter speed time of the
camera operation information (e.g., the frame rate (FPS) of
the camera, shutter speed time, and international organiza-
tion of standards (IOS). If an additional time for the opera-
tion of the camera is needed after the operation of the camera
is performed in the first display off time of the first duty
cycle among the at least one duty cycle used as the first time
period, the processor 520 may receive the image data
through the image sensor 583 in the second display off time
of the second duty cycle among the at least one duty cycle
used as the first time period and receive the optical signal
through the light receiving unit 5855 of the optical sensor
585 for compensating for the image data. The processor 520
may receive the image data through the image sensor 583
during a time shorter than the second display off time and
receive the optical signal through the light receiving unit
585b of the optical sensor 585 for compensating for the
image data.

For example, upon identifying that the time for the
operation of the camera is 4 ms when the shutter speed time
is 250 s, the processor 520 may receive the image data
through the image sensor 583 for 2 ms, which is the time of
the operation of the camera, in the display off time, 2.09 ms,
of the first duty cycle (4.17 ms) among the four duty cycles
operated in the display 560 and receive the optical signal
through the light receiving unit 5855 of the optical sensor
585 for compensating for the image data during the time to
output one frame. The processor 520 may receive the image
data through the image sensor 583 for 2 ms, which is the
time of the operation of the camera, in the display off time,
2.09 ms, of the second duty cycle (4.17 ms) and receive the
optical signal through the light receiving unit 5856 of the
optical sensor 585 for compensating for the image data.

According to an embodiment of the disclosure, when
receiving the display sync signal, if identifying the request
for the operation of the optical sensor, the processor 520 may
measure the amount of the light emitted from the light
emitting unit 5854 of the optical sensor 585, reflected by a
target object, and received by the light receiving unit 5855
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during the display off time of the last duty cycle used as the
second time, performing the operation of the optical sensor
of detecting whether the target object is near the electronic
device 501 or whether the target object comes closer to or
farther away from the electronic device 501.

According to various embodiments of the disclosure, in a
case where the first module 580 (e.g., the first module 380
of FIG. 3A) is disposed under a partial area (e.g., the partial
area 363a of FIG. 3A) set to have the transmittance which
allows the operation of the camera and the operation of the
optical sensor in the display (e.g., the display panel 363 of
FIG. 3A), if one duty cycle is operated in the display 560
during the time to output one frame, the processor 520 may
divide the display off time of the one duty cycle into the first
time period and the second time period.

According to an embodiment of the disclosure, the pro-
cessor 520 may set a time from the time when the display off
starts to a time, a predetermined time before the time when
the next frame is received, to be used as the first time period,
and set the predetermined time to be used as the second time
period. The predetermined time may denote the time set for
the operation of the optical sensor. For example, the prede-
termined time may be the time set for the operation of the
optical sensor, e.g., 2 ms.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when a
display sync signal for updating the frame per second is
received, the processor 520 may receive image data through
the image sensor 583 and receive an optical signal through
the light receiving unit 585 of the optical sensor 585 for
compensating for the image data during the time from the
time when the display off starts to the time, the predeter-
mined time before the time when the next frame is received,
used as the first time period.

According to an embodiment of the disclosure, when
receiving the display sync signal, if identifying the request
for the operation of the optical sensor, the processor 520 may
measure the amount of the light emitted from the light
emitting unit 585a of the optical sensor 585, reflected by a
target object, and received by the light receiving unit 5855
during the predetermined time used as the second time,
performing the operation of the optical sensor of detecting
whether the target object is near the electronic device 501 or
whether the target object comes closer to or farther away
from the electronic device 501.

According to various embodiments of the disclosure, in a
case where the first module 580 (e.g., the first module 380
of FIG. 3A) is disposed under a partial area (e.g., the partial
area 363a of FIG. 3A) set to have the transmittance which
allows the operation of the camera and the operation of the
optical sensor in the display (e.g., the display panel 363 of
FIG. 3A), the processor 520 may detect the start time
Trs veiay Of the second time period through Equation 1
below, when at least one duty cycle is operated in the display
560 during the time to output one frame.

(Nps = 1) + Rauy
Jaispiay X Netury

Equation 1
tps_delay =

Npg: a duty cycle determined as the second time period
for the operation of the optical sensor among at least one
duty cycle

R,y duty ratio

fsispiay: display refresh rate
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N,.,: The number of duty cycles operated in the display
during the time to output one frame

According to an embodiment of the disclosure, the start
time tpg 4., Of the second time period may denote the time
when the light emitting unit 585a of the optical sensor 585
emits light, and the light receiving unit 5850 of the optical
sensor 585 starts receiving the light.

According to an embodiment of the disclosure, the start
time tpg 44, Of the second time period may be included in
the display off time of the last duty cycle among at least one
duty cycle operated in the display.

According to an embodiment of the disclosure, when
receiving the display sync signal for updating the frame per
second, if identifying the request for the operation of the
optical sensor, the processor 520 may measure the amount of
the light emitted from the light emitting unit 585a of the
optical sensor 585, reflected by a target object, and received
by the light receiving unit 5855 from the start time tpg 070,
of the second time period to the time of reception of the next
frame, performing the operation of the optical sensor of
detecting whether the target object is near the electronic
device 501 or whether the target object comes closer to or
farther away from the electronic device 501.

According to various embodiments of the disclosure, in
the case where the first module 580 (e.g., the first module
380 of FIGS. 3B to 3D) is disposed under the predetermined
area (e.g., the predetermined area 3635 of FIGS. 3A to 3D)
formed as a hole in the display (e.g., the display panel 363
of FIGS. 3B to 3D), the processor 520 may set a time from
the time when the display on of the first duty cycle operated
in the display 560 starts to a time, a predetermined time
before the time of reception of the next frame, to be used as
the first time period and set the predetermined time to be
used as the second time period.

According to an embodiment of the disclosure, since there
is no influence of the image output from the display, the
processor 520 may perform the operation of the camera
during the time from the time when the display on of the first
duty cycle starts to the time, the predetermined time before
the time of reception of the next frame, included in the first
time period.

According to an embodiment of the disclosure, the pre-
determined time included in the second time period may be
a time set for the operation of the optical sensor, e.g., 2 ms.

According to an embodiment of the disclosure, the pre-
determined time included as the second time period may be
included in the display off time of the last duty cycle among
at least one duty cycle operated in the display.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when a
display sync signal for updating the frame per second is
received, the processor 520 may receive image data through
the image sensor 583 and receive an optical signal through
the light receiving unit 585 of the optical sensor 585 for
compensating for the image data during the time from the
time when the display on of the first duty cycle starts to the
time, the predetermined time before the time when the next
frame is received, used as the first time period.

According to an embodiment of the disclosure, the pro-
cessor 520 may determine the time of performing the
operation of the camera for receiving the image data through
the image sensor 583 based on the shutter speed time of the
camera operation information (e.g., the frame rate (frames
per second (FPS)) of the camera, shutter speed time, and
IOS). The processor 520 may receive the image data through
the image sensor 583 and receive the optical signal through
the light receiving unit 585 of the optical sensor 585 for

25

30

35

40

45

50

55

60

65

18

compensating for the image data during the display on time
and display off time of at least one duty cycle included in the
first time period.

According to an embodiment of the disclosure, when
receiving the display sync signal, if identifying the request
for the operation of the optical sensor, the processor 520 may
measure the amount of the light emitted from the light
emitting unit 585a of the optical sensor 585, reflected by a
target object, and received by the light receiving unit 5855
during the predetermined time used as the second time,
performing the operation of the optical sensor of detecting
whether the target object is near the electronic device 501 or
whether the target object comes closer to or farther away
from the electronic device 501.

According to various embodiments of the disclosure, in a
case where the first module 580 (e.g., the first module 380
of FIG. 3A) is disposed under a partial area formed as a hole
in the display (e.g., the display panel 363 of FIG. 3A), the
processor 520 may detect the start time Tpg .1, Of the
second time period through Equation 2 below, when at least
one duty cycle is operated in the display 560 during the time
to output one frame.

1 Equation 2

tps_delayl = —Ips_IT

Setisplay

fispiay: display refresh rate

t,s 7 the second time period set for the operation of the
optical sensor

According to an embodiment of the disclosure, the start
time tpg 14,1 Of the second time period may denote the time
when the light emitting unit 585a of the optical sensor 585
emits light, and the light receiving unit 5850 of the optical
sensor 585 starts receiving the light.

According to an embodiment of the disclosure, the start
time tpg .10, Of the second time period may be included in
the display off time of the last duty cycle among at least one
duty cycle operated in the display.

According to an embodiment of the disclosure, when
receiving the display sync signal for updating the frame per
second, if identifying the request for the operation of the
optical sensor, the processor 520 may measure the amount of
the light emitted from the light emitting unit 585a of the
optical sensor 585, reflected by a target object, and received
by the light receiving unit 5855 from the start time tpg 0,1
of the second time period to the time of reception of the next
frame, performing the operation of the optical sensor of
detecting whether the target object is near the electronic
device 501 or whether the target object comes closer to or
farther away from the electronic device 501.

According to various embodiments of the disclosure,
when the light emitting unit 585a of the optical sensor 585
is disposed under the display 560 of the electronic device or
in the bezel area of the electronic device, the processor 520
may control to perform a synchronization operation between
the light emitting unit 585a and light receiving unit 5855 of
the optical sensor 585.

According to various embodiments of the disclosure, the
sensitivity may be increased by connecting the optical
sensor 585 with the image sensor 583 including RGB pixels,
during the second time period for the operation of the optical
Sensor.

According to various embodiments of the disclosure, the
function of the illuminance sensor may be performed using
the light receiving unit 5855 of the optical sensor 585 and
the image sensor 583.
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According to various embodiments of the disclosure,
when the light receiving unit 5855 of the optical sensor 585
is used independently from the light emitting unit of the
optical sensor 585, the light receiving unit 58556 of the
optical sensor 585 may be used to function to recognize the
infrared (IR) light.

According to various embodiments of the disclosure,
when the first module 580 includes a plurality of light
receiving units 5854, the infrared filter may be designed to
transmit a wavelength band for another function (e.g., illu-
minance or spectrometer) other than the wavelength band
(e.g., 2 940 nm band) capable of transmitting infrared light
for the operation of the optical sensor.

According to various embodiments of the disclosure, the
memory 530 may be implemented to be substantially the
same or similar to the memory 130 of FIG. 1.

According to various embodiments of the disclosure, the
display 560 may be implemented in substantially the same
or similar manner to the display module 160 of FIG. 1.

FIGS. 6A, 6B, and 6C are views 600a to 600c¢ illustrating
operations of a camera and operations of an optical sensor
using a first module in an electronic device according to
various embodiments of the disclosure.

The operations of dividing the time to output one frame
into a first time period for the operation of the camera and
a second time period for the operation of the optical sensor
and performing the operation of the camera and the opera-
tion of the optical sensor in a case where the first module
(e.g., the first module 380 of FIG. 3A or the first module 580
of FIG. 5) is disposed under a predetermined area (e.g., the
predetermined area 363a of FIG. 3A) set to have a trans-
mittance at which the operation of the camera and the
operation of the optical sensor are possible in the display
(e.g., the display panel (e.g., the display panel 363 of FIG.
3A)) are described with reference to FIGS. 6A to 6C.

Described in connection with FIG. 6A is an example of
identifying that an operation is performed at 60 Hz, four
duty cycles, the fourth duty cycle, and 50% duty, based on
display operation information for the electronic device (e.g.,
the display refresh rate, number of duty cycles, the last duty
cycle to be used as the second time period for the operation
of the optical sensor, and the duty ratio), and the camera of
the electronic device operates at 60FPS, a shutter speed of
250s, and ISO 50, based on camera operation information
for the electronic device (e.g., the camera frame rate (FPS),
shutter speed, and 10S).

Referring to FIG. 6A, the electronic device (e.g., the
electronic device 101 of FIG. 1 or the electronic device 501
of FIG. 5) may be configured to divide the time (16.76 ms)
to output one frame into a first time period 601a for the
operation of the camera and a second time period 6035 for
the operation of the optical sensor. The first time period 601a
may include the first duty cycle, the second duty cycle, and
the third duty cycle among the four duty cycles, and the
second time period 603a may include the fourth duty cycle
which is the last duty cycle.

Upon receiving a sync signal 611a and identifying a
request for the operation of the camera, the electronic device
may perform the operation of the camera of receiving image
data through the image sensor (e.g., the image sensor 383 of
FIG. 3A and/or the image sensor 583 of FIG. 5) and
receiving the optical signal through the light receiving unit
(e.g., the light receiving unit 3856 of FIG. 3A and/or the
light receiving unit 5855 of FIG. 5) of the optical sensor
(e.g., the optical sensor 385 of FIG. 3A and/or the optical
sensor 585 of FIG. 5) for compensating for the image data
during a predetermined time (2 ms) al set to be not more
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than the display off time (2.30 ms), in the display off time
(2.09 ms) after the display on time (2.08 ms) of the first duty
cycle (4.17 ms) dl in the first time period 601a.

The electronic device may determine the time to perform
the operation of the camera in the first time period 601a
based on the shutter speed among the display operation
information. As it is identified that the time to perform the
operation of the camera is 4 ms when the shutter speed is 250
s, the electronic device may perform the operation of the
camera of receiving image data through the image sensor
(e.g., the image sensor 383 of FIG. 3A and/or the image
sensor 583 of FIG. 5) and receiving an optical signal through
the light receiving unit (e.g., the light receiving unit 38556 of
FIG. 3A and/or the light receiving unit 5855 of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5) for compensating for the
image data, during a predetermined time (2 ms) a2 set to be
not more than the display off time (2.08 ms) in the display
off time (2.09 ms) after the display on time (2.08 ms) of the
second duty cycle (4.17 ms) d2, in addition to the first time
period 601a.

As it is identified that the time to perform the operation of
the camera is 2 ms upon increasing the camera sensitivity
ISO to 100, i.e., by two times, while reducing the shutter
speed to 5005 (2 ms) so as to secure the same amount of light
as when the shutter speed is 250 s (4 ms) and the ISO is 50,
the electronic device may perform the operation of the
camera of receiving image data through the image sensor
(e.g., the image sensor 383 of FIG. 3A and/or the image
sensor 583 of FIG. 5) and receiving the optical signal
through the light receiving unit (e.g., the light receiving unit
38556 of FIG. 3A and/or the light receiving unit 5855 of FIG.
5) of the optical sensor (e.g., the optical sensor 385 of FIG.
3 A and/or the optical sensor 585 of FIG. 5) for compensating
for the image data during a predetermined time (2 ms) al set
to be not more than the display off time (2.09 ms), in the
display off time (2.09 ms) alone after the display on time
(2.08 ms) of the first duty cycle (4.17 ms) d1 in the first time
period 601a.

The electronic device may control “t_,,,~ which
denotes the time to the time when the operation of the
camera is performed in the duty cycle and “tg,” which
denotes the time to operate the operation of the camera in the
display off time in the first time period 601a. “t,_,,,~ may
be a delay of the operation of the camera and include the
display on time (2.08 ms), and “ts,” may denote the shutter
speed time (2 ms) of the display off time (2.09 ms).

Ifthe operation of the camera is completed in the first time
period 601a, the electronic device may receive image data
through the image sensor in the first time period 601a, from
the time when the operation of the camera is completed in
the first time period 601a to the time when the second time
period 603a for the operation of the optical sensor is
completed is completed and process the image data com-
pensated based on the optical signal received through the
light receiving unit of the optical sensor.

Upon receiving the sync signal 611a¢ and identifying a
request for the operation of the optical sensor, the electronic
device may measure the amount of the light, emitted from
the light emitting unit (e.g., the light emitting unit 3854 of
FIG. 3A and/or the light emitting unit 585a of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5), reflected by the target
object, and received by the light receiving unit (e.g., the light
receiving unit 3855 of FIG. 3A and/or the light receiving
unit 5855 of FIG. 5) and perform the operation of the optical
sensor of detecting whether there is the target object near the
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electronic device or whether the target object comes closer
or farther away from the electronic device, during a prede-
termined time (2 ms) a3 set of the operation of the optical
sensor of the display off time (2.09 ms) of the fourth duty
cycle which is the second time period 603a.

Upon receiving the sync signal 611a and identifying a
request for the operation of the optical sensor, the electronic
device may detect the start time (tp5 _.z,,) of the second time
period through Equation 1 and perform the operation of the
optical sensor from the start time (tps 4.1,,) Of the second
time period to the time of reception of the next frame (e.g.,
the time 613a of reception of a next sync signal).

Described in connection with FIG. 6B is an example of
identifying that an operation is performed at 30 Hz, four
duty cycles, the fourth duty cycle, and 50% duty, based on
display operation information for the electronic device (e.g.,
the display refresh rate, number of duty cycles, the last duty
cycle to be used as the second time period for the operation
of the optical sensor, and the duty ratio), and the camera of
the electronic device operates at 30FPS, a shutter speed of
1255, and ISO 50, based on camera operation information
(e.g., the camera frame rate (FPS), shutter speed, and
international organization for standardization (ISO)).

Referring to FIG. 6B, the electronic device (e.g., the
electronic device 101 of FIG. 1 or the electronic device 501
of FIG. 5) may be configured to divide the time (33.33 ms)
to output one frame into a first time period 6015 for the
operation of the camera and a second time period 6035 for
the operation of the optical sensor. The first time period 6015
may include the first duty cycle, the second duty cycle, and
the third duty cycle among the four duty cycles, and the
second time period 6035 may include the fourth duty cycle
which is the last duty cycle.

Upon receiving a sync signal 6115 and identifying a
request for the operation of the camera, the electronic device
may perform the operation of the camera of receiving image
data through the image sensor (e.g., the image sensor 383 of
FIG. 3A and/or the image sensor 583 of FIG. 5) and
receiving the optical signal through the light receiving unit
(e.g., the light receiving unit 3856 of FIG. 3A and/or the
light receiving unit 5855 of FIG. 5) of the optical sensor
(e.g., the optical sensor 385 of FIG. 3A and/or the optical
sensor 585 of FIG. 5) for compensating for the image data
during a predetermined time (4 ms) bl set to be not more
than the display off time (1.04 ms), in the display off time
(4.18 ms) after the display on time (4.16 ms) of the first duty
cycle (8.34 ms) dl in the first time period 6015.

The electronic device may determine the time to perform
the operation of the camera in the first time period 6014
based on the shutter speed among the display operation
information. As it is identified that the time to perform the
operation of the camera is 8 ms when the shutter speed is 125
s, the electronic device may perform the operation of the
camera of receiving image data through the image sensor
(e.g., the image sensor 383 of FIG. 3A and/or the image
sensor 583 of FIG. 5) and receiving an optical signal through
the light receiving unit (e.g., the light receiving unit 38556 of
FIG. 3A and/or the light receiving unit 5855 of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5) for compensating for the
image data, during a predetermined time (4 ms) b2 set to be
not more than the display off time (4.18 ms) in the display
off time (4.18 ms) after the display on time (4.16 ms) of the
second duty cycle (8.34 ms) d2, in addition to the first time
period 6015.

The electronic device may control “t. ..~ which
denotes the time to the time when the operation of the
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camera is performed in the duty cycle and “tg,” which
denotes the time to operate the operation of the camera in the
display off time in the first time period 6015. “t,._,,,,” may
be a delay of the operation of the camera and include the
display on time (4.16 ms), and “ts,” may denote the shutter
speed time (4 ms) of the display off time (4.18 ms).

Ifthe operation of the camera is completed in the first time
period 6015, the electronic device may receive image data
through the image sensor in the first time period 6015, from
the time when the operation of the camera is completed in
the first time period 6015 to the time when the second time
period 6035 for the operation of the optical sensor is
completed is completed and process the image data com-
pensated based on the optical signal received through the
light receiving unit of the optical sensor.

Upon receiving the sync signal 6115 and identifying a
request for the operation of the optical sensor, the electronic
device may measure the amount of the light, emitted from
the light emitting unit (e.g., the light emitting unit 3854 of
FIG. 3A and/or the light emitting unit 585a of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5), reflected by the target
object, and received by the light receiving unit (e.g., the light
receiving unit 3855 of FIG. 3A and/or the light receiving
unit 5855 of FIG. 5) and perform the operation of the optical
sensor of detecting whether there is the target object near the
electronic device or whether the target object comes closer
or farther away from the electronic device, during a prede-
termined time (4 ms) b3 set of the operation of the optical
sensor of the display off time (4.16 ms) of the fourth duty
cycle which is the second time period 60354.

Upon receiving the sync signal 6115 and identifying a
request for the operation of the optical sensor, the electronic
device may detect the start time (tps 4.z,,) Of the second time
period through Equation 1 and perform the operation of the
optical sensor from the start time (tps z.1,,) Of the second
time period to the time of reception of the next frame (e.g.,
the time 6135 of reception of a next sync signal).

Described in connection with FIG. 6C is an example of
identifying that an operation is performed at 60 Hz, one duty
cycle, the last duty cycle, and 50% duty, based on display
operation information (e.g., the display refresh rate, number
of duty cycles, the last duty cycle to be used as the second
time period for the operation of the optical sensor, and the
duty ratio), and the camera of the electronic device operates
at 60FPS, a shutter speed of 250s, and ISO 50, based on
camera operation information (e.g., the camera frame rate
(FPS), shutter speed, and 10S).

Referring to FIG. 6C, the electronic device (e.g., the
electronic device 101 of FIG. 1 or the electronic device 501
of FIG. 5) may be configured to divide the display off time
(8.34 ms) of one duty cycle (16.67 ms) d1 during the time
(16.67 ms) to output one frame into a first time period 601c¢
for the operation of the camera and a second time period
603¢ for the operation of the optical sensor.

The electronic device may set the time from the time tl
when the display off starts to the time t2, a predetermined
time (2 ms) c2 before the time (e.g., the time 613¢ of
reception of the next sync signal) of reception of the next
frame in the display off time (8.34 ms) of the one duty cycle
(16.67 ms) d1 to be used as the first time period 601c¢ and set
the predetermined time c2 to be used as the second time
period 603c.

Upon receiving a sync signal 611c¢ and identifying a
request for the operation of the camera, the electronic device
may perform the operation of the camera of receiving image
data through the image sensor (e.g., the image sensor 383 of
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FIG. 3A and/or the image sensor 583 of FIG. 5) and
receiving the optical signal through the light receiving unit
(e.g., the light receiving unit 3856 of FIG. 3A and/or the
light receiving unit 5855 of FIG. 5) of the optical sensor
(e.g., the optical sensor 385 of FIG. 3A and/or the optical
sensor 585 of FIG. 5) for compensating for the image data,
during a predetermined time (4 ms) ¢ 1 in the first time
period 601¢ (6.34 ms) of the display off time (8.34 ms) after
the display on time (8.33 ms) of one duty cycle (16.67 ms)
di.

The electronic device may control “t. ..~ which
denotes the time to the time when the operation of the
camera is performed after receiving the sync signal 611¢ and
“ts,” which denotes the time to operate the operation of the
camera in the first time period 601c¢ of the display off time.
“to-deray  May be a delay of the operation of the camera and
include the display on time (8.33 ms), and “tg,” may denote
the shutter speed time (4 ms) of the first time period (6.34
ms).

Upon receiving the sync signal 611c¢ and identifying a
request for the operation of the optical sensor, the electronic
device may measure the amount of the light, emitted from
the light emitting unit (e.g., the light emitting unit 3854 of
FIG. 3A and/or the light emitting unit 585a of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5), reflected by the target
object, and light receiving unit (e.g., the light receiving unit
3856 of FIG. 3A and/or the light receiving unit 5855 of FIG.
5), and perform the operation of the optical sensor of
detecting whether the target object is near the electronic
device or whether the target object comes closer to or farther
away from the electronic device, during the set predeter-
mined time (2 ms) ¢2 corresponding to the second time
period 603c.

Upon receiving the sync signal 611c¢ and identifying a
request for the operation of the optical sensor, the electronic
device may detect the start time (tp5 _.z,,) of the second time
period through Equation 1 and perform the operation of the
optical sensor from the start time (tps 4.1,,) Of the second
time period.

FIG. 7 is a view 700 illustrating operations of a camera
and operations of an optical sensor using a first module in an
electronic device according to an embodiment of the dis-
closure.

Referring to FIG. 7, the operations of dividing the time to
output one frame into a first time period for the operation of
the camera and a second time period for the operation of the
optical sensor and performing the operation of the camera
and the operation of the optical sensor in a case where the
first module (e.g., the first module 380 of FIGS. 3B to 3D or
the first module 580 of FIG. 5) is disposed under a prede-
termined area (e.g., the predetermined area 3635 of FIGS.
3B to 3D) formed as a hole in the display (e.g., the display
panel (e.g., the display panel 363 of FIGS. 3B to 3D)) are
described.

An example of identifying that the display operates at a
refresh rate of 60 Hz, and the camera of the electronic device
operates at 60FPS,; a shutter speed of 2505, and ISO of 50 is
described with reference to FIG. 7.

Referring to FIG. 7, if at least one duty cycle is operated
during the time (16.67 ms) to output one frame, the elec-
tronic device (e.g., the electronic device 101 of FIG. 1 or the
electronic device 501 of FIG. 5) may set the time from the
time (e.g., the time 711 of reception of a sync signal) when
the display on of the duty cycle (16.67 ms) d1 starts to the
time t3, a predetermined time (2 ms) e2 before the time of
reception of the next frame (e.g., the time 713 of reception
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of the next sync signal) to be used as a first time period 701
and set the predetermined time e2 as a second time period
703. The predetermined time (2 ms) may denote the time set
for the operation of the optical sensor and may be included
in the display off time of the last duty cycle among the at
least one duty cycle.

Upon receiving a sync signal 711 and identifying a
request for the operation of the camera, the electronic device
may perform the operation of the camera of receiving image
data through the image sensor (e.g., the image sensor 383 of
FIG. 3A and/or the image sensor 583 of FIG. 5) and
receiving the optical signal through the light receiving unit
(e.g., the light receiving unit 3856 of FIG. 3A and/or the
light receiving unit 5856 of FIG. 5) of the optical sensor
(e.g., the optical sensor 385 of FIG. 3A and/or the optical
sensor 585 of FIG. 5) for compensating for the image data,
during the time (T,) el corresponding to the shutter speed
time after the delay (“t ) set in the first time period
701.

Upon receiving the sync signal 711 and identifying a
request for the operation of the optical sensor, the electronic
device may measure the amount of the light, emitted from
the light emitting unit (e.g., the light emitting unit 3854 of
FIG. 3A and/or the light emitting unit 585a of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5), reflected by the target
object, and light receiving unit (e.g., the light receiving unit
38556 of FIG. 3A and/or the light receiving unit 5855 of FIG.
5), and perform the operation of the optical sensor of
detecting whether the target object is near the electronic
device or whether the target object comes closer to or farther
away from the electronic device, during the set predeter-
mined time (2 ms) e2 corresponding to the second time
period 703.

Upon receiving the sync signal 711 and identifying a
request for the operation of the optical sensor, the electronic
device may detect the start time (tpg e14,1) Of the second
time period through Equation 2 and perform the operation of
the optical sensor from the start time (tpg 4,,,) Of the
second time period to the time of reception of the next frame
(e.g., the time 713 of reception of a next sync signal).

According to various embodiments of the disclosure, an
electronic device (e.g., the electronic device 501 of FIG. 5)
may comprise a display (e.g., the display 560 of FIG. 5), a
first module (e.g., the first module 580 of FIG. 5) for an
operation of a camera and an operation of an optical sensor
disposed under the display (e.g., the display panel 363 of
FIGS. 3A to 3D) and at least one processor (e.g., the
processor 520 of FIG. 5). The first module may include an
image sensor (e.g., the image sensor 583 of FIG. 5), an
infrared filter (e.g., the infrared filter 587 of FIG. 5), and the
optical sensor (e.g., 585 of FIG. 5) disposed close to the
image sensor and inside an area of the infrared filter. The at
least one processor may be configured to separate a time to
output one frame into a first time period for the operation of
the camera and a second time period for the operation of the
optical sensor, perform the operation of the camera in the
first time period using the first module, and perform the
operation of the optical sensor in the second time period
using the first module.

According to various embodiments of the disclosure, the
infrared filter may be configured to include a wavelength
band capable of receiving an infrared optical signal in the
optical sensor.

According to various embodiments of the disclosure, the
at least one processor further may be configured to receive
an optical signal through a light receiving unit of the optical
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sensor during a time of receiving image data through the
image sensor and compensate for the image data received
from the image sensor based on the received optical signal,
in the first time period.

According to various embodiments of the disclosure, the
at least one processor further may be configured to deter-
mine the time of receiving the image data through the image
sensor in the first time period, according to a shutter speed
time.

According to various embodiments of the disclosure, in a
case where the first module (e.g., the first module 380 of
FIG. 3A) is disposed under a predetermined area (e.g., the
predetermined area 363a of FIG. 3A) set to have a trans-
mittance capable of the operation of the camera and the
operation of the optical sensor in the display (e.g., the
display panel 363 of FIG. 3A), wherein the at least one
processor further may be configured to, if a plurality of duty
cycles are operated in the display during the time to output
the one frame, use at least one remaining duty cycle, except
for a last duty cycle among the plurality of duty cycles, as
the first time period and use the last duty cycle as the second
time period.

According to various embodiments of the disclosure, the
at least one processor further may be configured to, if
identifying a request for the operation of the camera when a
sync signal is received, perform the operation of the camera
of receiving image data through the image sensor in at least
one display off time of the at least one duty cycle used as the
first time period, and if identifying a request for the opera-
tion of the optical sensor when the sync signal is received,
perform the operation of the optical sensor in a display off
time of the last duty cycle used as the second time period.

According to various embodiments of the disclosure, in a
case where the first module (e.g., the first module 380 of
FIG. 3A) is disposed under a predetermined area (e.g., the
predetermined area 363a of FIG. 3A) set to have a trans-
mittance capable of the operation of the camera and the
operation of the optical sensor in the display (e.g., the
display panel 363 of FIG. 3A), wherein the at least one
processor further may be configured to, if one duty cycle is
operated in the display during the time to output the one
frame, separate a display off time of the one duty cycle into
the first time period and the second time period.

According to various embodiments of the disclosure, the
at least one processor further may be configured to use a
time from a time when the display off starts to a time, a
predetermined time before a time of reception of a next
frame, as the first time period and use the predetermined
time as the second time period, in the display off time of the
one duty cycle.

According to various embodiments of the disclosure, in a
case where the first module (e.g., the first module 380 of
FIGS. 3B to 3D) is disposed under a predetermined area
(e.g., the predetermined area 3636 of FIGS. 3B to 3D)
formed as a hole in the display (e.g., the display panel 363
of FIGS. 3B to 3D), wherein the at least one processor
further may be configured to, if at least one duty cycle is
operated in the display during the time to output the one
frame, use a time from a time when a display on of a first
duty cycle starts to a time, a predetermined time before a
time of reception of a next frame, as the first time period and
use the predetermined time as the second time period.

According to various embodiments of the disclosure, the
predetermined time may be configured to be included in a
display off time of a last duty cycle among the at least one
duty cycle.
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FIG. 8 is a flowchart 800 illustrating operations of a
camera and operations of an optical sensor using a first
module in an electronic device according to an embodiment
of the disclosure. The operations of the camera and the
operation of the optical sensor may include operations 801
to 811. According to an embodiment of the disclosure, at
least one of operations 801 to 811 may be omitted or
changed in order or may add other operations. The operation
of'the camera and the operation of the optical sensor may be
performed by the electronic device 101 of FIG. 1, the
processor 120 of FIG. 1, the electronic device 501 of FIG.
5, or the processor 520 of FIG. 5.

Referring to FIG. 8, in operation 801, the electronic
device 501 may divide the time for outputting one frame into
a first time period for the operation of the camera and a
second time period for the operation of the optical sensor.

The electronic device 501 may identify reception of a
sync signal in operation 803. If identifying a request for the
operation of the camera in operation 805, the electronic
device 501 may receive image data through an image sensor
(e.g., the image sensor 583 of FIG. 5) during a first time
period using a first module (e.g., the first module 380 of
FIGS. 3A to 3D and/or the first module 580 of FIG. 8) and
perform the operation of the camera of compensating for the
image data based on the optical signal received through the
light receiving unit (e.g., the light receiving unit 5856 of
FIG. 5) of the optical sensor (e.g., the optical sensor 585 of
FIG. 5) in operation 807.

According to an embodiment of the disclosure, the elec-
tronic device 501 may execute a camera application and
identify a request for reception of the image data through the
image sensor, as a request for the operation of the camera.

According to an embodiment of the disclosure, upon
receiving a display sync signal for updating the frame per
second, if identifying a request for the operation of the
camera, the electronic device 501 may receive image data
through the image sensor during the first time period for the
operation of the camera.

According to an embodiment of the disclosure, the elec-
tronic device 501 may receive an optical signal through the
light receiving unit of the optical sensor while receiving the
image data through the image sensor during the first time
period and may compensate for the image data received
through the image sensor 583 using an auto white balance
(AWB) algorithm based on the received optical signal.

According to an embodiment of the disclosure, the time
during which the electronic device 501 receives the image
data through the image sensor in the first time period may
indicate a shutter speed time.

According to an embodiment of the disclosure, the elec-
tronic device 501 may adjust the time of reception of the
image data through the image sensor in the first time period
according to the shutter speed time.

The electronic device 501 may identify reception of the
sync signal in operation 803. If identifying a request for the
operation of the optical sensor in operation 809, the elec-
tronic device 501 may perform the operation of the optical
sensor during a second time period using the first module
(e.g., the first module 380 of FIGS. 3A to 3D or the first
module 580 of FIG. 8) in operation 811. When the display
screen of the electronic device needs to be turned off, the
electronic device 501 may identify it as a request for the
operation of the optical sensor (e.g., the proximity sensor).
For example, when a call needs to be performed using a
receiver of the electronic device or when it needs to be
determined whether the electronic device is positioned in a
space, e.g., a pocket of the clothes or a bag, with the
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electronic device set as always on display (AOD), the
electronic device may identify it as a request for the opera-
tion of the optical sensor (e.g., the proximity sensor).
According to an embodiment of the disclosure, if identifying
a request for the operation of the optical sensor when
receiving a display sync signal for updating the frame per
second, the electronic device 501 may measure the amount
of the light, emitted from the light emitting unit (e.g., the
light emitting unit 585a of FIG. 5) of the optical sensor (e.g.,
the optical sensor 585 of FIG. 5), reflected by the target
object, and received by the light receiving unit (e.g., the light
receiving unit 5854 of FIG. 5), and detect whether there is
the target object near the electronic device 501 or whether
the target object comes closer to or farther away from the
electronic device 501 in the second time period for the
operation of the optical sensor of the time to output one
frame.

According to an embodiment of the disclosure, the elec-
tronic device 501 may perform the operation of the optical
sensor for a predetermined time (e.g., 2 ms) set in the second
time period.

FIG. 9 is a flowchart 900 illustrating operations of a
camera and operations of an optical sensor using a first
module in an electronic device according to an embodiment
of the disclosure. The operations of the camera and the
operation of the optical sensor may include operations 901
to 911. According to an embodiment of the disclosure, at
least one of operations 901 to 911 may be omitted or
changed in order or may add other operations. The operation
of the camera and the operation of the optical sensor may be
performed by the electronic device 101 of FIG. 1, the
processor 120 of FIG. 1, the electronic device 501 of FIG.
5, or the processor 520 of FIG. 5.

Referring to FIG. 9, in operation 901, the electronic
device 501 may set at least one remaining duty cycle, except
for the last duty cycle, among a plurality of duty cycles
operated in the display, to be used as the first time period for
the operation of the camera and set the last duty cycle to be
used as the second time period for the operation of the
optical sensor.

According to an embodiment of the disclosure, in a case
where the first module 580 (e.g., the first module 380 of F1G.
3 A and/or the first module 580 of FIG. 5) is disposed under
a partial area (e.g., the partial area 3634 of FIG. 3A) set to
have the transmittance which allows the operation of the
camera and the operation of the optical sensor in the display
(e.g., the display panel 363 of FIG. 3A), the electronic
device 501 may set at least one remaining duty cycle, except
for the last duty cycle, among a plurality of duty cycles
which are operated in the display, to be used as the first time
period and set the last duty cycle to be used as the second
time period.

According to an embodiment of the disclosure, the elec-
tronic device 501 may set at least one remaining duty cycle,
except for the last duty cycle, among the plurality of duty
cycles operated in the display (e.g., the display 560 of FIG.
5) during the time to output one frame, to be used as the first
time period and set the last duty cycle to be used as the
second time period, based on display operation information
(e.g., the refresh rate of the display, the number of duty
cycles, the last duty cycle to be used as the second time
period for the operation of the optical sensor, and the duty
ratio).

According to an embodiment of the disclosure, to avoid
influence of the image of the display, the electronic device
501 may perform the operation of the camera in at least one
display off time of at least one duty cycle included in the first
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time period and perform the operation of the optical sensor
in the display off time of the last duty cycle included in the
second time period.

According to an embodiment of the disclosure, when a
plurality of duty cycles are operated in the display during the
time to output one frame, the electronic device 501 may
detect the start time (tpg 4.,,) ©f the second time period
through Equation 1 above.

The electronic device 501 may identify reception of a
sync signal in operation 903. If identifying a request for the
operation of the camera in operation 905, the electronic
device 501 may receive image data through the image sensor
(e.g., the image sensor 383 of FIG. 3A and/or the image
sensor 583 of FIG. 5) and perform the operation of the
camera of compensating for the image data based on the
optical signal received through the light receiving unit (e.g.,
the light receiving unit 3856 of FIG. 3 A or the light receiving
unit 585 of FIG. 5) of the optical sensor (e.g., the optical
sensor 385 of FIG. 3A and/or the optical sensor 585 of FIG.
5), in at least one display off time of at least one duty cycle
included in the first time period using the first module (e.g.,
the first module 380 of FIG. 3A or the first module 580 of
FIG. 8) in operation 907.

According to an embodiment of the disclosure, the elec-
tronic device 501 may execute a camera application and
identify a request for reception of the image data through the
image sensor, as a request for the operation of the camera.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when
receiving a display sync signal for updating the frame per
second, the electronic device 501 may receive image data
through the image sensor (e.g., the image sensor 383 of FIG.
3A and/or the image sensor 583 of FIG. 5) and receive the
optical signal through the light receiving unit (e.g., the light
receiving unit 3855 of FIG. 3A and/or the light receiving
unit 5855) of the optical sensor (e.g., the optical sensor 385
of FIG. 3A and/or the optical sensor 585 of FIG. 5) for
compensating for the image data, in at least one display off
time of the at least one duty cycle used as the first time
period.

According to an embodiment of the disclosure, the elec-
tronic device 501 may receive an optical signal through the
light receiving unit of the optical sensor while receiving the
image data through the image sensor during the first time
period and may compensate for the image data received
through the image sensor 583 using an auto white balance
(AWB) algorithm based on the received optical signal.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when
the display sync signal is received, the electronic device 501
may receive image data through the image sensor in the first
display off time of the first duty cycle among the at least one
duty cycle used as the first time period and receive the
optical signal through the light receiving unit of the optical
sensor for compensating for the image data. The electronic
device 501 may receive the image data through the image
sensor during a time shorter than the first display off time
and receive the optical signal through the light receiving unit
of the optical sensor for compensating for the image data.

According to an embodiment of the disclosure, the elec-
tronic device 501 may determine the time of performing the
operation of the camera for receiving the image data through
the image sensor based on the shutter speed time of the
camera operation information (e.g., the frame rate (FPS) of
the camera, shutter speed time, and IOS). If an additional
time for the operation of the camera is needed after the
operation of the camera is performed in the first display off
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time of the first duty cycle among the at least one duty cycle
used as the first time period, the electronic device 501 may
receive the image data through the image sensor in the
second display off time of the second duty cycle among the
at least one duty cycle used as the first time period and
receive the optical signal through the light receiving unit of
the optical sensor 585 for compensating for the image data.
The electronic device 501 may receive the image data
through the image sensor during a time shorter than the
second display off time and receive the optical signal
through the light receiving unit of the optical sensor for
compensating for the image data.

The electronic device 501 may identify reception of the
sync signal in operation 903. If identifying a request for the
operation of the optical sensor in operation 909, the elec-
tronic device 501 may perform the operation of the optical
sensor in the display off time of the last duty cycle included
in the second time period using the first module (e.g., the
first module 380 of FIG. 3A and/or the first module 580 of
FIG. 8) in operation 911. When the display screen of the
electronic device needs to be turned off, the electronic
device 501 may identify it as a request for the operation of
the optical sensor (e.g., the proximity sensor). For example,
when a call needs to be performed using a receiver of the
electronic device or when it needs to be determined whether
the electronic device is positioned in a space, e.g., a pocket
of the clothes or a bag, with the electronic device set as
always on display (AOD), the electronic device may identify
it as a request for the operation of the optical sensor (e.g., the
proximity sensor). According to an embodiment of the
disclosure, when receiving the display sync signal, if iden-
tifying the request for the operation of the optical sensor, the
electronic device 501 may measure the amount of the light
emitted from the light emitting unit of the optical sensor,
reflected by a target object, and received by the light
receiving unit during the display off time of the last duty
cycle used as the second time period, performing the opera-
tion of the optical sensor of detecting whether the target
object is near the electronic device 501 or whether the target
object comes closer to or farther away from the electronic
device 501.

FIG. 10 is a flowchart 1000 illustrating operations of a
camera and operations of an optical sensor using a first
module in an electronic device according to an embodiment
of the disclosure. The operations of the camera and the
operation of the optical sensor may include operations 1001
to 1011. According to an embodiment of the disclosure, at
least one of operations 1001 to 1011 may be omitted or
changed in order or may add other operations. The operation
of the camera and the operation of the optical sensor may be
performed by the electronic device 101 of FIG. 1, the
processor 120 of FIG. 1, the electronic device 501 of FIG.
5, or the processor 520 of FIG. 5.

Referring to FIG. 10, in operation 1001, the electronic
device 501 may divide the display off time of one duty cycle
operated in the display into a first time period for the
operation of the camera and a second time period for the
operation of the optical sensor.

According to an embodiment of the disclosure, in a case
where the first module 580 (e.g., the first module 380 of F1G.
3 A and/or the first module 580 of FIG. 5) is disposed under
a partial area (e.g., the partial area 3634 of FIG. 3A) set to
have the transmittance which allows the operation of the
camera and the operation of the optical sensor in the display
(e.g., the display panel 363 of FIG. 3A), the electronic
device 501 may divide the display off time of one duty cycle
operated in the display into the first time period for the
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operation of the camera and the second time period for the
operation of the optical sensor.

According to an embodiment of the disclosure, the elec-
tronic device 501 may set a time from the time when the
display off starts to a time, a predetermined time before the
time when the next frame is received, to be used as the first
time period, and set the predetermined time to be used as the
second time period. The predetermined time may denote the
time set for the operation of the optical sensor. For example,
the predetermined time may be the time set for the operation
of the optical sensor, e.g., 2 ms.

According to an embodiment of the disclosure, when one
duty cycle is operated in the display during the time to
output one frame, the electronic device 501 may detect the
start time (tps 4.1,,) Of the second time period through
Equation 1 above.

The electronic device 501 may identify reception of a
sync signal in operation 1003. If identifying a request for the
operation of the camera in operation 1005, the electronic
device 501 may receive image data through the image sensor
(e.g., the image sensor 383 of FIG. 3A and/or the image
sensor 583 of FIG. 5) and perform the operation of the
camera of compensating for the image data based on the
optical signal received through the light receiving unit (e.g.,
the light receiving unit 3856 of FIG. 3 A or the light receiving
unit 585 of FIG. 5) of the optical sensor (e.g., the optical
sensor 385 of FIG. 3A and/or the optical sensor 585 of FIG.
5), in the first time period of the display off time using the
first module (e.g., the first module 380 of FIG. 3 A or the first
module 580 of FIG. 8) in operation 1007.

According to an embodiment of the disclosure, the elec-
tronic device 501 may execute a camera application and
identify a request for reception of the image data through the
image sensor, as a request for the operation of the camera.

According to an embodiment of the disclosure, upon
identifying a request for the operation of the camera when
receiving a display sync signal for updating the frame per
second, the electronic device 501 may receive image data
through the image sensor (e.g., the image sensor 383 of FIG.
3A and/or the image sensor 583 of FIG. 5) and receive the
optical signal through the light receiving unit (e.g., the light
receiving unit 3855 of FIG. 3A and/or the light receiving
unit 5855) of the optical sensor (e.g., the optical sensor 385
of FIG. 3A and/or the optical sensor 585 of FIG. 5) for
compensating for the image data, during the time from the
time when the display off starts to the time, a predetermined
time before the time of reception of the next frame, used as
the first time period.

According to an embodiment of the disclosure, the elec-
tronic device 501 may receive an optical signal through the
light receiving unit of the optical sensor while receiving the
image data through the image sensor during the first time
period and may compensate for the image data received
through the image sensor 583 using an auto white balance
(AWB) algorithm based on the received optical signal.

The electronic device 501 may identify reception of the
sync signal in operation 1003. If identifying a request for the
operation of the optical sensor in operation 1009, the elec-
tronic device 501 may perform the operation of the optical
sensor in the second time period of the display off time using
the first module (e.g., the first module 380 of FIG. 3A and/or
the first module 580 of FIG. 8) in operation 1011. When the
display screen of the electronic device needs to be turned off,
the electronic device 501 may identify it as a request for the
operation of the optical sensor (e.g., the proximity sensor).
For example, when a call needs to be performed using a
receiver of the electronic device or when it needs to be
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determined whether the electronic device is positioned in a
space, e.g., a pocket of the clothes or a bag, with the
electronic device set as always on display (AOD), the
electronic device may identify it as a request for the opera-
tion of the optical sensor (e.g., the proximity sensor).
According to an embodiment of the disclosure, if identifying
a request for the operation of the optical sensor when
receiving a display sync signal, the electronic device 501
may measure the amount of the light, emitted from the light
emitting unit (e.g., the light emitting unit 3854 of FIG. 3A
and/or the light emitting unit 5854 of FIG. 5) of the optical
sensor (e.g., the optical sensor 385 of FIG. 3A and/or the
optical sensor 585 of FIG. 5), reflected by the target object,
and received by the light receiving unit (e.g., the light
receiving unit 3855 of FIG. 3A and/or the light receiving
unit 5855 of FIG. 5), and perform the operation of the optical
sensor of detecting whether there is the target object near the
electronic device 501 or whether the target object comes
closer to or farther away from the electronic device 501,
during the predetermined time used as the second time
period.

FIG. 11 is a flowchart 1100 illustrating operations of a
camera and operations of an optical sensor using a first
module in an electronic device according to an embodiment
of the disclosure. The operations of the camera and the
operation of the optical sensor may include operations 1101
to 1111. According to an embodiment of the disclosure, at
least one of operations 1101 to 1111 may be omitted or
changed in order or may add other operations. The operation
of the camera and the operation of the optical sensor may be
performed by the electronic device 101 of FIG. 1, the
processor 120 of FIG. 1, the electronic device 501 of FIG.
5, or the processor 520 of FIG. 5.

Referring to FIG. 11, in operation 1101, the electronic
device 501 may set the time from the time when the display
on of the first duty cycle of at least one duty cycle operated
in the display starts to the time, a predetermined time before
the time of reception of the next frame, as the first time
period for the operation of the camera and set the predeter-
mined time as the second time period for the operation of the
optical sensor.

According to an embodiment of the disclosure, in the case
where the first module (e.g., the first module 380 of FIGS.
3B to 3D and/or the first module 580 of FIG. 5) is disposed
under the predetermined area (e.g., the predetermined area
3636 of FIGS. 3A to 3D) formed as a hole in the display
(e.g., the display panel 363 of FIGS. 3B to 3D), the
electronic device 501 may set a time from the time when the
display on of the first duty cycle operated in the display
starts to a time, a predetermined time before the time of
reception of the next frame, to be used as the first time period
and set the predetermined time to be used as the second time
period.

According to an embodiment of the disclosure, since there
is no influence of the image output from the display, the
electronic device 501 may perform the operation of the
camera during the time from the time when the display on
of the first duty cycle starts to the time, the predetermined
time before the time of reception of the next frame, included
in the first time period.

According to an embodiment of the disclosure, the pre-
determined time included in the second time period may be
a time set for the operation of the optical sensor, e.g., 2 ms.

According to an embodiment of the disclosure, the pre-
determined time included as the second time period may be
included in the display off time of the last duty cycle among
at least one duty cycle operated in the display.

20

25

30

40

45

60

32

According to an embodiment of the disclosure, when one
duty cycle is operated in the display during the time to
output one frame, the electronic device 501 may detect the
start time (tps 4.1,,) Of the second time period through
Equation 2 above.

The electronic device 501 may identify reception of a
sync signal in operation 1103. If identifying a request for the
operation of the camera in operation 1105, the electronic
device 501 may receive image data through the image sensor
and perform the operation of the camera of compensating for
the image data based on the optical signal received through
the light receiving unit (e.g., the light receiving unit 38556 of
FIG. 3A or the light receiving unit 585 of FIG. 5) of the
optical sensor (e.g., the optical sensor 385 of FIG. 3A and/or
the optical sensor 585 of FIG. 5), in the time from the time
when the display on of the first duty cycle included in the
first time period starts to the time, a predetermined time
before the time of reception of the next frame, using the first
module (e.g., the first module 380 of FIGS. 3A to 3D and/or
the first module 580 of FIG. 8) in operation 1107.

According to an embodiment of the disclosure, the elec-
tronic device 501 may execute a camera application and
identify a request for reception of the image data through the
image sensor, as a request for the operation of the camera.

According to an embodiment of the disclosure, the elec-
tronic device 501 may determine the time of performing the
operation of the camera for receiving the image data through
the image sensor 583 based on the shutter speed time of the
camera operation information (e.g., the frame rate (FPS) of
the camera, shutter speed, and 10S). The electronic device
501 may receive image data through the image sensor (e.g.,
the image sensor 383 of FIGS. 3B to 3D and/or the image
sensor 583 of FIG. 5) and receive the optical signal through
the light receiving unit of the optical sensor for compensat-
ing for the image data, in the display on time and the display
off time of at least one duty cycle included in the first time
period.

According to an embodiment of the disclosure, the elec-
tronic device 501 may receive an optical signal through the
light receiving unit of the optical sensor while receiving the
image data through the image sensor during the first time
period and may compensate for the image data received
through the image sensor 583 using an auto white balance
(AWB) algorithm based on the received optical signal.

The electronic device 501 may identify reception of the
sync signal in operation 1103. If identifying a request for the
operation of the optical sensor in operation 1109, the elec-
tronic device 501 may perform the operation of the optical
sensor during the predetermined time included in the second
time period using the first module (e.g., the first module 380
of FIGS. 3B to 3D or the first module 580 of FIG. 8) in
operation 1111. When the display screen of the electronic
device needs to be turned off; the electronic device 501 may
identify it as a request for the operation of the optical sensor
(e.g., the proximity sensor). For example, when a call needs
to be performed using a receiver of the electronic device or
when it needs to be determined whether the electronic
device is positioned in a dark space, e.g., a pocket of the
clothes or a bag, with the electronic device set as always on
display (AOD), it may be identified as a request for the
operation of the optical sensor (e.g., the proximity sensor).

According to an embodiment of the disclosure, when
receiving the display sync signal, if identifying the request
for the operation of the optical sensor, the electronic device
501 may measure the amount of the light emitted from the
light emitting unit of the optical sensor, reflected by a target
object, and received by the light receiving unit during the
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predetermined time used as the second time, performing the
operation of the optical sensor of detecting whether the
target object is near the electronic device 501 or whether the
target object comes closer to or farther away from the
electronic device 501.

According to various embodiments of the disclosure, a
method for performing an operation of a camera and an
operation of an optical sensor using one module in an
electronic device may comprise dividing a time to output
one frame into a first time period for the operation of the
camera and a second time period for the operation of the
optical sensor, performing the operation of the camera in the
first time period using a first module of the electronic device,
and performing the operation of the optical sensor in the
second time period using the first module. The first module
may include an image sensor, an infrared filter, and the
optical sensor disposed close to the image sensor and inside
an area of the infrared filter.

According to various embodiments of the disclosure, the
infrared filter may include a wavelength band capable of
receiving an infrared optical signal in the optical sensor.

According to various embodiments of the disclosure, the
performing of the operation of the camera may include
receiving an optical signal through a light receiving unit of
the optical sensor during a time of receiving image data
through the image sensor and compensating for the image
data received from the image sensor based on the received
optical signal, in the first time period.

According to various embodiments of the disclosure, the
time of receiving the image data through the image sensor in
the first time period may be determined according to a
shutter speed time.

According to various embodiments of the disclosure, the
method may further comprise, in a case where the first
module is disposed under a predetermined area set to have
a transmittance capable of the operation of the camera and
the operation of the optical sensor in the display, if a
plurality of duty cycles are operated in the display during the
time to output the one frame, using at least one remaining
duty cycle, except for a last duty cycle among the plurality
of duty cycles, as the first time period and using the last duty
cycle as the second time period.

According to various embodiments of the disclosure, the
method may further comprise, if identifying a request for the
operation of the camera when a sync signal is received,
performing the operation of the camera of receiving image
data through the image sensor in at least one display off time
of'the at least one duty cycle used as the first time period, and
if identifying a request for the operation of the optical sensor
when the sync signal is received, performing the operation
of the optical sensor in a display off time of the last duty
cycle used as the second time period.

According to various embodiments of the disclosure, the
method may further comprise, in a case where the first
module is disposed under a predetermined area set to have
a transmittance capable of the operation of the camera and
the operation of the optical sensor in the display, if one duty
cycle is operated in the display during the time to output the
one frame, separating a display off time of the one duty cycle
into the first time period and the second time period.

According to various embodiments of the disclosure, the
method may further comprise using a time from a time when
the display off starts to a time, a predetermined time before
a time of reception of a next frame, as the first time period
and using the predetermined time as the second time period,
in the display off time of the one duty cycle.
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According to various embodiments of the disclosure, the
method may further comprise, in a case where the first
module is disposed under a predetermined area formed as a
hole in the display, if at least one duty cycle is operated in
the display during the time to output the one frame, using a
time from a time when a display on of a first duty cycle starts
to a time, a predetermined time before a time of reception of
a next frame, as the first time period and using the prede-
termined time as the second time period.

According to various embodiments of the disclosure, the
predetermined time may be included in a display off time of
a last duty cycle among the at least one duty cycle.

The electronic device according to various embodiments
of the disclosure may be one of various types of electronic
devices. The electronic devices may include, for example, a
portable communication device (e.g., a smart phone), a
computer device, a portable multimedia device, a portable
medical device, a camera, a wearable device, or a home
appliance. According to an embodiment of the disclosure,
the electronic devices are not limited to those described
above.

It should be appreciated that various embodiments of the
disclosure and the terms used therein are not intended to
limit the technological features set forth herein to particular
embodiments and include various changes, equivalents, or
replacements for a corresponding embodiment. With regard
to the description of the drawings, similar reference numer-
als may be used to refer to similar or related elements. As
used herein, each of such phrases as “A or B,” “at least one
of A and B,” “at least one of A or B,” “A, B, or C,” “at least
one of A, B, and C,” and “at least one of A, B, or C,” may
include all possible combinations of the items enumerated
together in a corresponding one of the phrases. As used
herein, such terms as “Ist” and “2nd,” or “first” and “sec-
ond” may be used to simply distinguish a corresponding
component from another, and does not limit the components
in other aspect (e.g., importance or order). It is to be
understood that if an element (e.g., a first element) is
referred to, with or without the term “operatively” or “com-
municatively”, as “coupled with,” “coupled to,” “connected
with,” or “connected to” another element (e.g., a second
element), it means that the element may be coupled with the
other element directly (e.g., wiredly), wirelessly, or via a
third element.

As used herein, the term “module” may include a unit
implemented in hardware, software, or firmware, and may
interchangeably be used with other terms, for example,
“logic,” “logic block,” “part,” or “circuitry”. A module may
be a single integral component, or a minimum unit or part
thereof, adapted to perform one or more functions. For
example, according to an embodiment of the disclosure, the
module may be implemented in a form of an application-
specific integrated circuit (ASIC).

Various embodiments as set forth herein may be imple-
mented as software (e.g., the program 140) including one or
more instructions that are stored in a storage medium (e.g.,
an internal memory 136 or an external memory 138) that is
readable by a machine (e.g., the electronic device 101 or the
electronic device 501). For example, a processor (e.g., the
processor 520) of the machine (e.g., the electronic device
501) may invoke at least one of the one or more instructions
stored in the storage medium, and execute it, with or without
using one or more other components under the control of the
processor. This allows the machine to be operated to perform
at least one function according to the at least one instruction
invoked. The one or more instructions may include a code
generated by a complier or a code executable by an inter-
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preter. The machine-readable storage medium may be pro-
vided in the form of a non-transitory storage medium.
Wherein, the term “non-transitory” simply means that the
storage medium is a tangible device, and does not include a
signal (e.g., an electromagnetic wave), but this term does not
differentiate between where data is semi-permanently stored
in the storage medium and where the data is temporarily
stored in the storage medium.

According to an embodiment of the disclosure, a method
according to various embodiments of the disclosure may be
included and provided in a computer program product. The
computer program products may be traded as commodities
between sellers and buyers. The computer program product
may be distributed in the form of a machine-readable storage
medium (e.g., compact disc read only memory (CD-ROM)),
or be distributed (e.g., downloaded or uploaded) online via
an application store (e.g., Play Store™), or between two user
devices (e.g., smart phones) directly. If distributed online, at
least part of the computer program product may be tempo-
rarily generated or at least temporarily stored in the
machine-readable storage medium, such as memory of the
manufacturer’s server, a server of the application store, or a
relay server.

According to various embodiments of the disclosure, each
component (e.g., a module or a program) of the above-
described components may include a single entity or mul-
tiple entities. Some of the plurality of entities may be
separately disposed in different components. According to
various embodiments of the disclosure, one or more of the
above-described components may be omitted, or one or
more other components may be added. Alternatively or
additionally, a plurality of components (e.g., modules or
programs) may be integrated into a single component. In
such a case, according to various embodiments of the
disclosure, the integrated component may still perform one
or more functions of each of the plurality of components in
the same or similar manner as they are performed by a
corresponding one of the plurality of components before the
integration. According to various embodiments of the dis-
closure, operations performed by the module, the program,
or another component may be carried out sequentially, in
parallel, repeatedly, or heuristically, or one or more of the
operations may be executed in a different order or omitted,
or one or more other operations may be added.

While the disclosure has been shown and described with
reference to various embodiments thereof, it will be under-
stood by those skilled in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended
claims and their equivalents.

What is claimed is:

1. An electronic device comprising:

a display;

a first module for an operation of a camera and an
operation of an optical sensor disposed under the
display;

memory storing instructions; and

at least one processor,

wherein the first module includes:
an image sensor,
an infrared filter, and
the optical sensor disposed close to the image sensor

and inside an area of the infrared filter, the optical
sensor including an infrared light emitting unit dis-
posed close to the image sensor and inside an area of
the infrared filter, and
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wherein the instructions, when executed by the at least

one processor individually or collectively, cause the

electronic device to:

separate a time to output one frame into a first time
period for the operation of the camera and a second
time period for the operation of the optical sensor,

perform the operation of the camera in the first time
period using the first module, and

perform the operation of the optical sensor in the
second time period using the first module.

2. The electronic device of claim 1, wherein the infrared
filter is configured to include a wavelength band capable of
receiving an infrared optical signal in the optical sensor.

3. The electronic device of claim 1,

wherein the instructions, when executed by the at least

one processor individually or collectively, further cause
the electronic device to:

receive an optical signal through a light receiving unit of

the optical sensor during a time of receiving image data
through the image sensor, and

compensate for the image data received from the image

sensor based on the received optical signal, in the first
time period.

4. The electronic device of claim 3,

wherein the instructions, when executed by the at least

one processor individually or collectively, further cause
the electronic device to:
determine the time of receiving the image data through
the image sensor in the first time period, according to
a shutter speed time.

5. The electronic device of claim 1,

wherein in a case where the first module is disposed under
a predetermined area set to have a transmittance
capable of the operation of the camera and the opera-
tion of the optical sensor in the display, and

wherein the instructions, when executed by the at least

one processor individually or collectively, further cause
the electronic device to:
if a plurality of duty cycles are operated in the display
during the time to output the one frame, use at least
one remaining duty cycle, except for a last duty cycle
among the plurality of duty cycles, as the first time
period, and
use the last duty cycle as the second time period.
6. The electronic device of claim 5,
wherein the instructions, when executed by the at least
one processor individually or collectively, further cause
the electronic device to:

if identifying a request for the operation of the camera

when a sync signal is received, perform the operation
of the camera of receiving image data through the
image sensor in at least one display off time of the at
least one remaining duty cycle used as the first time
period, and

if identifying a request for the operation of the optical

sensor when the sync signal is received, perform the
operation of the optical sensor in a display off time of
the last duty cycle used as the second time period.

7. The electronic device of claim 1,

wherein, in a case where the first module is disposed

under a predetermined area set to have a transmittance
capable of the operation of the camera and the opera-
tion of the optical sensor in the display, and

wherein the instructions, when executed by the at least

one processor individually or collectively, further cause
the electronic device to:
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if one duty cycle is operated in the display during the time
to output the one frame, separate a display off time of
the one duty cycle into the first time period and the
second time period.

8. The electronic device of claim 7,

wherein the instructions, when executed by the at least

one processor individually or collectively, further cause
the electronic device to:

use a time from a time when the display off starts to a

time, a predetermined time before a time of reception
of a next frame, as the first time period, and

use the predetermined time as the second time period, in

the display off time of the one duty cycle.

9. The electronic device of claim 1,

wherein in a case where the first module is disposed under

a predetermined area formed as a hole in the display,
and

wherein the instructions, when executed by the at least

one processor individually or collectively, further cause

the electronic device to:

if at least one duty cycle is operated in the display
during the time to output the one frame, use a time
from a time when a display on of a first duty cycle
starts to a time, a predetermined time before a time
of reception of a next frame, as the first time period,
and

use the predetermined time as the second time period.

10. The electronic device of claim 9, wherein the prede-
termined time is configured to be included in a display off
time of a last duty cycle among the at least one duty cycle.

11. A method for performing an operation of a camera and
an operation of an optical sensor using one module in an
electronic device, the method comprising:

dividing a time to output one frame into a first time period

for the operation of the camera and a second time
period for the operation of the optical sensor;
performing the operation of the camera in the first time
period using a first module of the electronic device; and
performing the operation of the optical sensor in the
second time period using the first module,

wherein the first module includes:

an image sensor,

an infrared filter, and

the optical sensor disposed close to the image sensor
and inside an area of the infrared filter, the optical
sensor including an infrared light emitting unit dis-
posed close to the image sensor and inside an area of
the infrared filter.

12. The method of claim 11, wherein the infrared filter
includes a wavelength band capable of receiving an infrared
optical signal in the optical sensor.

13. The method of claim 11, wherein the performing of
the operation of the camera includes:

receiving an optical signal through a light receiving unit

of the optical sensor during a time of receiving image
data through the image sensor; and
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compensating for the image data received from the image
sensor based on the received optical signal, in the first
time period.

14. The method of claim 13, wherein the time of receiving
the image data through the image sensor in the first time
period is determined according to a shutter speed time.

15. The method of claim 11, further comprising:

in a case where the first module is disposed under a

predetermined area set to have a transmittance capable
of the operation of the camera and the operation of the
optical sensor in a display, if a plurality of duty cycles
are operated in the display during the time to output the
one frame, using at least one remaining duty cycle,
except for a last duty cycle among the plurality of duty
cycles, as the first time period; and

using the last duty cycle as the second time period.

16. The method of claim 15, further comprising:

if identifying a request for the operation of the camera

when a sync signal is received, performing the opera-
tion of the camera of receiving image data through the
image sensor in at least one display off time of the at
least one remaining duty cycle used as the first time
period; and

if identifying a request for the operation of the optical

sensor when the sync signal is received, performing the
operation of the optical sensor in a display off time of
the last duty cycle used as the second time period.

17. The method of claim 11, further comprising:

in a case where the first module is disposed under a

predetermined area set to have a transmittance capable
of the operation of the camera and the operation of the
optical sensor in a display, if one duty cycle is operated
in the display during the time to output the one frame,
separating a display off time of the one duty cycle into
the first time period and the second time period.

18. The method of claim 17, further comprising:

using a time from a time when the display off starts to a

time, a predetermined time before a time of reception
of a next frame, as the first time period; and

using the predetermined time as the second time period,

in the display off time of the one duty cycle.

19. The method of claim 11, further comprising:

in a case where the first module is disposed under a

predetermined area formed as a hole in a display, if at
least one duty cycle is operated in the display during the
time to output the one frame, using a time from a time
when a display on of a first duty cycle starts to a time,
a predetermined time before a time of reception of a
next frame, as the first time period; and

using the predetermined time as the second time period.

20. The method of claim 19, wherein the predetermined
time is included in a display off time of a last duty cycle
among the at least one duty cycle.
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